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EXECUTIVE SUMMARY 
 
Background 
WSUD implementation in the Gold Coast City Council area commenced more than a decade 
ago. As a result, Council is expected to be in possession of WSUD assets valued at over tens 
of million dollars. The Gold Coast City Council is responsible for the maintenance and long-
term management of these WSUD assets. Any shortcoming in implementation of best WSUD 
practices can potentially result in substantial liabilities and ineffective expenditure for the 
Council in addition to reduced efficiencies and outcomes. This highlights the importance of 
periodic auditing of WSUD implementation. 
 
Project scope  
The overall study entailed the following tasks: 
• A state-of-the-art literature review of the conceptual hydraulic and water quality 
treatment principles, current state of knowledge in relation to industry standards, best 
practice and identification of knowledge gaps in relation to maintenance and 
management practices and potential barriers to the implementation of WSUD. 
• Council stakeholder interviews to understand current practical issues in relation to the 
implementation of WSUD and the process of WSUD application from development 
application approval to asset management. 
• Field auditing of selected WSUD systems for condition assessment and identification 
of possible strengths and weaknesses in implementation.  
• Review of the Land Development Guidelines in order to identify any gaps and to 
propose recommendations for improvement. 
 
Conclusions 
Given below is a consolidated summary of the findings of the study undertaken. 
 
Though the conceptual framework for WSUD implementation is well established, the 
underlying theoretical knowledge underpinning the treatment processes and maintenance 
regimes and life cycle costing are still not well understood. Essentially, these are the 
recurring themes in the literature, namely, the inadequate understanding of treatment 
State-of-the-art literature review 
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processes and lack of guidance to ensure specificity of maintenance regimes and life cycle 
costing of WSUDs. 
The fundamental barriers to successful WSUD implementation are: 
• Lack of knowledge transfer – This essentially relates to the lack of appropriate 
dissemination of research outcomes and the common absence of protocols for 
knowledge transfer within the same organisation. 
• Cultural barriers – These relate to social and institutional factors, including 
institutional inertia and the lack of clear understanding of the benefits. 
• Fragmented responsibilities – This results from poor administrative integration within 
local councils in relation to WSUDs. 
• Technical barriers – These relate to lack of knowledge on operational and 
maintenance practices which is compounded by model limitations and the lack of 
long-term quantitative performance evaluation data. 
• Lack of engineering standards – Despite the availability of numerous guidelines 
which are non-enforceable and can sometimes be confusing, there is a need for 
stringent engineering standards. 
 
The knowledge gaps in relation to WSUDs are only closing very slowly. Some of the 
common knowledge gaps identified in recent publications have been recognised almost a 
decade ago. The key knowledge gaps identified in the published literature are: 
• lack of knowledge on operational and maintenance practices; 
• lack of reliable methodology for identifying life cycle issues including costs; 
• lack of technical knowledge on system performance; 
• lack of guidance on retrofitting in existing developments. 
 
Based on the review of barriers to WSUD implementation and current knowledge gaps, the 
following were identified as core areas for further investigation: 
• performance evaluation of WSUD devices to enhance model development and to 
assess their viability in the context of environmental, economic and social drivers; 
• establishing realistic life cycle costs to strengthen maintenance and asset management 
practices; 
• development of guidelines specific to retrofitting in view of the unique challenges 
posed by existing urban precincts together with guidance to ensure site specificity; 
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• establishment of a process for knowledge translation for enhancing currently available 
best practice guidelines; 
• identification of drivers and overcoming of barriers in the areas of institutional 
fragmentation, knowledge gaps and awareness of WSUD practices.  
 
Fourteen staff members involved in WSUD systems management in the Gold Coast City 
Council, representing four Directorates were interviewed using a standard questionnaire. The 
primary issues identified by the stakeholders were: 
GCCC stakeholder interviews 
• standardisation of WSUD terminology; 
• clear protocols for safeguarding devices during the construction phase; 
• engagement of all council stakeholders in the WSUD process from the initial phase; 
• limitations in the Land Development Guidelines; 
• ensuring public safety through design; 
• system siting to avoid conflicts with environmental and public use of open space; 
• provision of adequate access for maintenance; 
• integration of social and ecosystem issues to ensure long-term viability of systems in 
relation to both, vandalism and visual recreation; 
• lack of performance monitoring and inadequacy of the maintenance budget; 
• lack of technical training for staff involved in WSUD design approvals and 
maintenance; 
• incentives for developers for acting responsibly in stormwater management. 
 
A representative cross section of WSUD systems in the Gold Coast were audited in the field. 
The following strengths and weaknesses in WSUD implementation were noted: 
Field auditing of WSUD systems 
• The implementation of WSUD systems in the field is not consistent. 
• The concerns raised by the stakeholders during the interviews in relation to WSUD 
implementation was validated from the observations from the field auditing, 
particularly in relation to the following: 
o safeguarding of devices during the construction phase 
o public safety 
o accessibility for maintenance 
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o lack of performance monitoring by Council to assess system performance 
o inadequate maintenance of existing systems to suit site specific requirements. 
• A treatment train approach is not being consistently adopted.  
• Most of the systems audited have satisfactorily catered for public safety. 
• Accessibility for maintenance has been satisfactorily catered for in most of the 
systems that were audited. 
• Systems are being commissioned prior to construction activities being substantially 
completed. 
• The hydraulic design of most systems appears to be satisfactory.  
• The design intent of the systems is not always clear. 
 
The Land Development Guidelines (TDG) was extensively reviewed and the following 
primary issues were noted in relation to WSUD implementation:  
Review of Land Development Guidelines 
• the LDG appears to have been prepared primarily to provide guidance to developers. 
It is not clear to what extent the guidelines are applicable to Council staff involved in 
WSUD maintenance and management;  
• Section 13 is very voluminous and appears to be a compilation of a series of 
individual documents resulting in difficulties in locating specific information, a lack 
of integration and duplication of information; 
• the LDG has been developed with a primary focus on new urban precinct 
development and the retrofitting of systems in existing developments has not been 
specifically discussed;  
• WSUDs are discussed in two different sections in the LDG and it is not clear which 
section takes precedence as there are inconsistencies between the two sections; 
• there is inconsistent terminology being used; 
• there is a need for consolidation of information provided in different sections in the 
LDG; 
• there are inconsistencies in the design criteria provided; 
• there is a need for regular updating of the LDG to ensure that the information 
provided encompasses the state-of-the-art; 
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• there is limited guidance provided for the preparation of maintenance plans and life 
cycle costing to assist developers in asset handover and to assist Council staff in 
assessment. 
 
Based on these observations, eleven recommendations have been provided which are 
discussed below. 
 
Additionally, the stakeholder provided the following specific comments during the interviews 
in relation to the LDG: 
• lack of flexibility to cover the different stages of the life cycle of the systems; 
• no differentiation in projects undertaken by developers and Council; 
• inadequate information with regards to safety issues such as maximum standing water 
depth, fencing and safety barriers and public access; 
• lack of detailed design criteria in relation to Crime Prevention through Environmental 
Design, safety, amenity, environment, surrounding uses and impacts on surroundings; 
• inadequate information regarding maintenance requirements specific to the 
assessment and compliance phases; 
• recommendations for plantings are based primarily on landscape requirements rather 
than pollutant uptake capability. 
 
Recommendations 
With regards to the Land Development Guidelines, the following specific recommendations 
are provided: 
1. the relevant sections and their extent of applicability to Council should be clearly 
identified; 
2. integration of the different subsections within Section 13 and re-formatting the 
document for easy reference; 
3. the maintenance guidelines provided in Section 13 should be translated to a 
maintenance manual for guidance of Council staff; 
4. should consider extending the Guidelines to specifically encompass retrofitting of 
WSUD systems to existing urban precincts; 
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5. Section 3 needs to be revised to be made consistent with Section 13, to ensure priority 
for WSUD practices in urban precincts and to move away from conventional 
stormwater drainage design such as kerb and channelling; 
6. it would also be good to specify as to which Section takes predominance in relation to 
stormwater drainage. It is expected that Section 13 would take predominance over the 
other sections in the LDG; 
7. terminology needs to be made consistent to avoid confusion among developers and 
Council staff. Water Sensitive Urban Design is the term commonly used in Australia 
for stormwater quality treatment, rather than Stormwater Quality Improvement 
Devices. This once again underlines the need for ensuring consistency between 
Section 3 and Section 13; 
8. it would also be good if there is a glossary of commonly used terms in relation to 
WSUD for use by all stakeholders and which should also be reflected in the LDG; 
9. consolidation of all WSUD information into one section should be considered 
together with appropriate indicators in other LDG Sections regarding the availability 
of WSUD information. Ensuring consistency in the information provided is implied; 
10. Section 13 should be updated at regular intervals to ensure the incorporation of the 
latest in research outcomes and incorporating criteria and guidance based on the state-
of-the-art knowledge. The updating could be undertaken, say, in five year cycles. This 
would help to overcome the current lack of knowledge transfer; 
11. the Council should consider commissioning specialised studies to extend the current 
knowledge base in relation to WSUD maintenance and life cycle costing. 
Additionally, Recommendation 10 is also applicable in this instance. 
 
The following additional recommendations are made based on the state-of-the-art literature 
review, stakeholder interviews and field auditing of WSUD systems: 
12. Performance monitoring of existing systems to assess improvements to water quality, 
identify modifications and enhancements to improve performance; 
13. Appropriate and monitored maintenance during different phases of development of 
built assets over time is needed to investigate the most appropriate time/phase of 
development to commission the final WSUD asset. 
14. Undertake focussed investigations in the areas of WSUD maintenance and asset 
management in order to establish more realistic life cycle costs of systems and 
maintenance schedules; 
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15. the engagement of all relevant Council stakeholders from the initial stage of concept 
planning through to asset handover, and ongoing monitoring. This close engagement 
of internal stakeholders will assist in building a greater understanding of 
responsibilities and contribute to overcoming constraints imposed by fragmented 
responsibilities; 
16. the undertaking of a public education program to inform the community of the 
benefits and ecosystem functions of WSUD systems; 
17. technical training to impart state-of-the-art knowledge to staff involved in the 
approval of designs and maintenance and management of WSUD projects; 
18. during the construction phase, it is important to ensure that appropriate measures to 
safeguard WSUD devices are implemented; 
19. risks associated with potential public access to open water zones should be minimised 
with the application of appropriate safety measures; 
20. system siting should ensure that potential conflicts are avoided with respect to public 
and ecosystem needs; 
21. integration of social and ecosystem issues to ensure long-term viability of systems; 
22. provide incentives to developers who are proactive and responsible in the area of 
stormwater management. 
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GOLD COAST CITY COUNCIL 
WATER SENSITIVE URBAN DESIGN (WSUD) APPLICATON 
AUDITING 
 
1. INTRODUCTION 
1.1 Background 
WSUD implementation in the Gold Coast City Council area commenced more than a decade 
ago. The strong emphasis on WSUD implementation is continuing, and the adoption of 
WSUD practices to manage quantity and quality issues in relation to stormwater is 
mandatory. As a result, Council is expected to be in possession of WSUD assets valued at 
over tens of million dollars. The Gold Coast City Council is responsible for the maintenance 
and long-term management of these WSUD assets. Any shortcoming in implementation of 
best WSUD practices can potentially result in substantial liabilities and ineffective 
expenditure for the Council in addition to reduced efficiencies and outcomes. This highlights 
the importance of periodic auditing of WSUD implementation practices in the Gold Coast 
City Council area. 
 
1.2 Project scope and methodology 
The scope of the study was limited to stormwater management using WSUD practices within 
the Gold Coast region. The overall study entailed the following tasks: 
• a state-of-the-art literature review; 
• Council stakeholder interviews; 
• field auditing and observational study of selected WSUD systems; 
• review of the Land Development Guidelines. 
 
The methodology adopted for undertaking the above primary tasks is outlined below. 
 
The state-of-the-art review of published literature, including journal papers, conference 
papers and research reports available in the public domain was undertaken encompassing the 
following: 
State-of-the-art literature review 
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• The conceptual hydraulic and water quality treatment principles in relation to 
commonly adopted WSUD systems.  
• Current state of knowledge in relation to WSUD systems in order to identify industry 
standards, best practice and knowledge gaps with regards to urban stormwater quality 
treatment and hydraulic performance. 
• Identification of knowledge gaps in relation to maintenance and management 
practices and potential barriers to the implementation of WSUD.  
 
Relevant Gold Coast City Council officers involved in various aspects in relation to WSUD 
systems were interviewed with the specific objectives to: 
Council stakeholder interviews 
• understand current practical issues (weaknesses and strengths) in relation to the 
implementation of WSUD at the Gold Coast; 
• understand the process of WSUD application at the Gold Coast, from development 
application approval to asset management (including renewal).  
 
The appropriate stakeholders were identified in consultation with Council. An appropriately 
formulated questionnaire to elicit the requisite information was developed and used as a 
guide for the interviews.  
 
Field auditing of WSUD systems in eleven urban precincts was undertaken to identify 
weaknesses and strengths in WSUD implementation at the Gold Coast. The locations for 
auditing were identified in consultation with the stakeholders who participated in the 
interviews. Furthermore, pre-determined criteria were used to select a representative mix of 
sites. The criteria included system age, system type/s and system location. The field audit 
focused on the existing condition of the WSUD systems as well as the surrounding area.  
Field auditing of WSUD systems 
 
Information gathered during the audit was primarily used to assess the following: 
• Condition assessment of the WSUD systems. 
• Identification of WSUD system characteristics including possible strengths and 
weaknesses in implementation and potential contributing factors. 
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The Gold Coast City Land Development Guidelines was reviewed in the context of Water 
Sensitive Urban Design, in order to identify any gaps and to propose recommendations for 
improvement. The review was underpinned by the knowledge gained from the state-of-the-art 
literature review, Council stakeholder interviews and field auditing of the WSUD systems. 
Review of Land Development Guidelines 
 
1.3 Outline of the report 
The report integrates the outcomes from the activities noted above. Chapter 2 of the report 
presents the state-of-the-art literature review in relation to current state of knowledge with 
regards to urban stormwater quality treatment and hydraulic performance. Though part of the 
state-of-the-art literature review, the identification of knowledge gaps, barriers to WSUD 
implementation and areas for further investigation are discussed separately in Chapter 3 in 
view of the importance of these issues. The outcomes of stakeholder interviews are discussed 
in Chapter 4. A conceptual diagram illustrating the WSUD lifecycle on the Gold Coast, from 
Development Assessment approval to asset renewal and replacement is also included. 
Chapter 5 presents the outcomes of the field audit. Review of Land Development Guideline is 
presented in Chapter 6. Knowledge gained from the preceding activities formed the basis for 
the review presented in Chapter 6.  
 
 
  
4 
 
2. STATE-OF-THE-ART REVIEW OF WSUD LITERATURE 
 
2.1 Background 
It is the water environment that is most adversely affected by urbanisation (Goonetilleke et al. 
2005; Sartor et al. 1974). Land use modifications associated with urbanisation are invariably 
reflected in the stream flow regime such as increased runoff volume and peak flows (Barrios 
2000; Argue 2004). Additionally, anthropogenic activities common to urban areas introduce 
numerous pollutants to the environment that are eventually conveyed to receiving waters via 
stormwater runoff (Walsh et al. 2005). As noted by numerous researchers (for example Bunn 
et al. 2008), Moreton Bay and the surrounding coastal ecological assets are among those that 
are being subjected to significant impacts. 
 
As society becomes more environmentally conscious, there is increasing demand to protect 
the urban environment including its ecological assets. This leads to the development of a 
range of stormwater pollution mitigation strategies. The strategies vary from typical end-of-
pipe treatment systems such as detention and retention basins to source control measures such 
as street sweeping and best catchment management practices. Water Sensitive Urban Design 
(WSUD) is a combination of best management practices which have been developed to 
mitigate the impacts of urbanisation on stream flow and stormwater quality within the urban 
precinct itself (Whelans et al. 1994).  
 
Though the conceptual framework for WSUD implementation is well established, the 
underlying theoretical knowledge underpinning the treatment processes and maintenance 
regime are still not well understood. In this context, this state-of-the-art literature review is 
undertaken to encompass the following:  
• The conceptual hydraulic and water quality treatment principles in relation to 
conventional and commonly adopted WSUD systems.  
• Current state of knowledge in relation to WSUD systems in order to identify industry 
standards, best practice and knowledge gaps in relation to urban stormwater quality 
treatment and hydraulic performance.  
• Identification of knowledge gaps in relation to maintenance and management 
practices and potential barriers to the implementation of WSUD.  
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It was noted that Section 13 of the Land Development Guidelines (LDG) provides a 
comprehensive overview of WSUD systems including treatment principles and design 
practices. The information provided in the report is supplementary to what is already 
available in the LDG and every effort was taken to avoid duplication.  
 
2.2 WSUD concepts 
Conventional stormwater management is primarily concerned with conveying the stormwater 
runoff as quickly as possible through the local drainage infrastructure to the receiving water 
body. In this regard, only the quantitative impacts of urbanisation are recognised where a 
stormwater detention facility is installed to mitigate flooding. However, detention measures 
have proven ineffective in protecting stream health as the total quantity and quality of water 
entering the receiving waters remains unchanged (Argue 2004; Holman-Dodds 2003; Booth 
and Jackson 1997; Hogan & Walbridge 2007).  
 
In contrast, WSUD philosophy recommends that rainfall should be managed where it falls, 
through the disconnection of impervious areas. Water sensitive urban design (WSUD) strives 
to achieve ‘source control’, whereby passive treatment systems are provided to mitigate the 
effects of land use changes, and to protect downstream water quality through the interception 
of stormwater. This is achieved by using vegetation, temporarily detaining stormwater and/or 
infiltrating stormwater into the subsurface through a filter media and thereby reducing peak 
flow, runoff volume and runoff frequency, and increase the retention of pollutants (Argue 
2004; Hogan and Walbridge 2007; Hunt et al. 2006; Walsh et al. 2009). Amongst the 
structural WSUD systems, bioretention systems, swales and constructed wetlands are the 
most commonly used in Australia. Taylor and Wong (2002) also list some non-structural 
WSUD measures, such as town planning controls, strategic planning and institutional 
controls, educational programmes and regulatory controls. 
 
Mitigation of the impacts of urbanisation on urban stormwater runoff and water quality is 
difficult due to the complex nature of stormwater quantity and quality at different stages of 
the runoff hydrograph. Stormwater runoff is highly stochastic in nature due to the intermittent 
nature of rainfall and the varying shapes of the inflow hydrograph (Somes et al. 2000). 
Similarly, the quality of urban stormwater is highly variable and the generation and transport 
of pollutants in urban stormwater is not well understood (Goonetilleke et al. 2005). 
Consequently, the implementation of WSUD systems in a treatment train is recommended to 
6 
 
promote a diversity of pollutant removal processes including, settling, filtration, adsorption, 
nitrification and de-nitrification based on location specific requirements. Goonetilleke et al. 
(2005) concluded that the degree of effectiveness of WSUD stormwater treatment measures 
would not be universal. 
 
2.3 Pollutant Removal Processes in WSUD Systems  
Pollutant removal processes in a WSUD system vary with the type of measures implemented. 
The occurrence and the degree of importance of these processes in a particular treatment 
system vary based on the type of system, material used, hydraulic characteristics and long-
term operational and maintenance regimes. Primary pollutant removal processes in WSUD 
systems can be categorised as follows:  
• physical processes: settling and filtration;  
• chemical processes: adsorption, flocculation, precipitation, ion exchange, 
volatilisation and photolysis; 
• biological processes: plant and algal uptake, microbial degradation and nitrification 
and de-nitrification. 
(Scholes et al. 2008). 
 
2.3.1 Physical processes 
Scholes et al. (2008) have noted that physical processes are dominant during storm events, 
whilst chemical and biological processes are effective in the long term.  
 
Settling  
Settling of particulate matter due to gravity is highly dependent on the detention time and 
quiescent conditions of water and need to be designed accordingly (Ellis et al. 2004). Settling 
is considered as one of the primary mechanisms of particulate pollutant removal in 
retention/detention basins and constructed wetlands (Greenway 2010).  
 
The presence of dense vegetation in constructed wetlands reduces the effective volume where 
settling can occur, although it facilitates the occurrence of quiescent conditions. However, as 
Scholes et al. (2008) have noted, the presence of vegetation promotes other forms of removal 
processes to compensate for the reduction in settling. Greenway (2010) and Greenway and 
Jenkins (2004) identified the re-suspension of settled particulate pollutants due to high flows 
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and activities of aquatic fauna as major factors in the reduction of the overall settling 
efficiency.  
 
Filtration  
Filtration is physical sieving which removes particulate pollutants as they pass through a 
porous substrate or hydraulic barrier (Ellis et al. 2004). Hence, filtration is considered to be 
an effective treatment mechanism in porous medium such as filtration basins, bioretention 
systems and porous paving (Scholes et al. 2008). In bioretention systems, filtration also 
influences other pollutant removal mechanisms such as adsorption.  
 
Characteristics of the filter media play an important role in influencing the efficiency of 
filtration. Research literature reports significant removal efficiencies in respect of suspended 
solids, total phosphorus and total nitrogen being achieved through filtration in bioretention 
basins (for example Lloyd et al. 2002; Melbourne Water 2005) 
 
The hydraulic conductivity and performance of the filter media can vary significantly from 
the designed range due to factors such as clogging, compaction and frequency and degree of 
drying and wetting. Bouwer (1984) reported that as a “rule of thumb”, the retention of 
particulate pollutants occur when the suspended particles are 0.2 times larger than the 
diameter of particles constituting the filter media.  
 
Clogging is a major issue in filtration. As noted by Langergraber et al. (2003), clogging can 
take place at the surface layer of the filter media or in the deep layers (interstitial layers). 
Presence of vegetation positively influences the performance of filtration by increasing the 
porosity within the root zone and reducing clogging and compaction (Bouwer 2002).  
 
2.3.2 Chemical processes 
Chemical processes are sometimes considered as supplementary in stormwater pollutant 
removal processes. However, due to the lack of removal of fine particulates and dissolved 
pollutants by processes such as settling and filtration, enhancing the occurrence of chemical 
processes within WSUD systems is important. Chemical processes primarily concentrate 
pollutants to form larger particles to enhance settlement.  
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Adsorption  
Pollutant adsorption to solids can occur in the form of chemisorption, ion exchange and 
surface precipitation (Bradl 2004; Weber et al. 1991; McBride 1994). These processes 
describe the accumulation of pollutants at the interface between the solid surface and solution 
and differ in terms of the bonds that pollutants create with solid particles (Sparks 2003).  
 
The occurrence of these processes is influenced by a range of factors such as the 
characteristics of the solids surface, the pollutant itself and the surrounding media (Bradl 
2004; Weber et al. 1991; Gunawardena et al., in press). As noted by Gunawardena et al. (in 
press), the presence of clay rich solids and organic coated solids enhances adsorption by 
providing an increased number of binding sites. Sand offers limited sites for pollutant 
concentration due to its mineralogical structure. This highlights the requirement for clay and 
organic material in pollutant removal systems where adsorption is promoted. However, the 
presence of these materials can reduce the hydraulic conductivity of the system.  
 
Apart from the characteristics of solids and adsorbing pollutants, the contact time is also 
important. Rapid infiltration provides passages for finer particles to pass through the system 
due to reduced contact time, which in turn reduces adsorption (Sharkey 2006). However, this 
may lead to particle deposition at lower layers whilst reducing surface clogging. 
 
Flocculation and precipitation 
Flocculation is the separation of solids from the water column with the bonding together of 
small particles and settling out of solution by gravity. Chemicals and organic flocculants 
produced by aquatic vegetation promote flocculation by causing suspended particles to 
aggregate together. Precipitation is similar to flocculation, but it is primarily controlled by 
changes to the water chemistry rather than by electrostatic bonds. Still conditions assist the 
potential for precipitation to take place (Ellis et al. 2004). As Scholes et al. (2008) have 
noted, flocculation and precipitation are not particularly important as pollutant removal 
processes in most WSUD systems, due to the relatively rapid transit of runoff.  
 
Volatilisation and Photolysis  
Volatilisation is the process whereby a dissolved sample is vapourised. Photolysis is the 
process where molecules are broken down into smaller units through the absorption of light. 
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Photolysis requires direct exposure to sunlight for chemical decomposition to occur, whereas, 
volatilisation can occur from open spaces within a treatment structure. Photolysis will be 
minimal in systems with dense vegetation due to lack of sunlight and in systems with low 
detention time due to lack of time for exposure to sunlight (Scholes et al. 2008). 
Volatilisation in flooded soil requires a pH above 7.5 (Hatt et al. 2004).  
 
2.3.3 Biological processes 
Similar to chemical processes, biological processes can be enhanced within stormwater 
treatment systems in order to improve pollutant removal. Primarily, biological processes can 
be categorised as, plant and algal uptake, microbial degradation and nitrification and de-
nitrification.  
 
Plant and algal uptake 
Primarily dissolved pollutants which are trapped within the filter media as they pass through 
the plant-soil interface are subjected to absorption and extraction (Hatt et al. 2007). Scholes et 
al. (2008) have rated plant and algal uptake as the dominant forms of nutrient removal in 
most WSUD systems. However, as Greenway and Jenkins (2004) have noted, plant and algal 
uptake is slow and requires high density vegetation and relatively long detention times for 
nutrient removal. Madyiwa et al. (2003) reported a reduction in plant growth due to toxicity 
of Pb and Cd rich stormwater runoff. Toxic metal accumulation in plants can impose risk to 
wildlife due to ingestion and require appropriate measures for disposal.  
 
Microbial degradation 
Microbial degradation refers to the degradation of pollutants due to microbial action. 
Microbial degradation can positively or negatively impact on the treatment of stormwater 
pollutants. For example, Hong et al. (2006) identified microbial degradation as the primary 
mechanism that could reduce hydrocarbon accumulation in treatment systems. They noted 83 
to 97% removal of hydrocarbons in stormwater and complete degradation within 3 to 10 
days. However, to the contrary, Hatt et al. (2008) noted the leaching of nutrients and organic 
compounds due to degradation of organic material present in filtration systems.  
 
Nitrification and de-nitrification 
Nitrification and de-nitrification are chemical processes which are expected to occur 
sequentially in treatment systems. Nitrification is the conversion of total nitrogen into nitrates 
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and nitrites under aerobic conditions. De-nitrification is the conversion of nitrates and nitrites 
into nitrogen gas in the presence of anoxic heterotrophic or autotrophic denitrifying bacteria. 
To create such conditions, saturated zones are created with the presence of organic material 
in biofiltration media. Hunt et al. (2006) noted that the presence of saturated soil was 
favourable for de-nitrification within filtration systems.  
 
2.4 Overview of selected Structural WSUD Measures  
The most common structural WSUD systems used include the following:  
1. Debris and gross pollutant traps (GPTs) 
2. Swales (filter strips) 
3. Bioretention systems and 
4. Sedimentation ponds/constructed wetlands 
 
2.4.1 Debris and gross pollutant traps 
Debris and gross pollutant traps (GPT) are commonly regarded as pre-treatment devices in a 
typical stormwater treatment train. Gross pollutants are generally debris larger than 10 mm. 
There are a large number of proprietary GPTs available. Common GPTs can be broadly 
categorised into the following groups:  
• drainage entrance treatment devices (grate entrance systems, side entry pit traps and 
gully pit traps); 
• direct screening devices (litter collection baskets, trash racks, release nets and channel 
nets); 
• non-clogging screens (circular or downward inclined screens); 
• floating traps (flexible booms and floating debris traps); 
• sediment traps (circular settling tanks and hydrodynamic separators) 
(DPLG 2010). 
 
Circular settling tanks and hydrodynamic separators are among the most commonly used 
GPTs in Australia (see Figure 2.1). These devices are often supported by a coarser pollutant 
removal device. As reported by numerous product brochures (for example, Humes 2007) 
GPTs are capable of retaining particulate pollutants >10µm.  
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Figure 2.1 Hydrodynamic separators (Adapted from Humes 2007) 
 
As GPTs are only employed as supplementary devices to enhance performance in a 
subsequent treatment system their performance in relation to the removal of typical 
stormwater pollutants can be limited. As noted by Fletcher et al. (2004), there is very sparse 
data available to assess the performance of GPTs. Based on available data, Fletcher et al. 
(2004) reported the performance of GPTs as summarised in Table 2.1.  
 
Table 2.1: Estimate of the performance efficiencies for non-proprietary GPTs (Adapted 
from Fletcher et al. 2004) 
Pollutant Expected removal Comments 
Litter 10-30% Depends on effective maintenance, specific design (hydraulic 
characteristics etc.). 10% where trap width is equal to channel 
width, 30% where width is three or more times channel width. 
Total 
suspended 
solids 
0-10% Depends on hydraulic characteristics, will be higher during 
low flow. 
Total nitrogen 0% (negligible) Transformation processes makes prediction difficult. 
Total 
phosphorus 
0% (negligible) Total phosphorus trapped during storm flows may be released 
during inter-event periods, due to anoxic conditions. 
Coarse 
sediment 
10-25% Depends on hydraulic characteristics, will be higher during 
low flow. 
Heavy metals 0%  
 
As noted by Powell (2009), GPTs are often subjected to blockage that leads to stormwater 
bypass. Also, there can be re-suspension of fine particulates during bypass events. This 
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highlights the need for timely cleaning and maintenance. However, as there can be large 
variations in pollutant accumulation during rainfall events, there are inherent difficulties in 
programming cleaning and maintenance activities. Additionally, anaerobic conditions created 
during the intervening dry periods can lead to odour and net pollutant export. 
 
2.4.2 Swales  
Swales are vegetated shallow channels designed as alternatives to kerb and gutter to convey 
stormwater runoff from roads or other impervious surfaces (see Figure 2.2). Use of swales 
disconnects the impervious surfaces from the drainage network providing a permeable 
channel. This provides retardation of runoff whilst achieving treatment in the form of settling, 
entrapment and filtration.  
 
 
 
 
 
 
 
 
Figure 2.2 Grass swale 
 
As noted in numerous guidelines, swale vegetation can range from grass to native shrubs 
depending on the hydraulic and landscape requirements. In determining plant species, both 
hydraulic and landscape requirements are important. However, guidance in relation to the 
selection of plant species based on their pollutant uptake potential is scarce. Furthermore, 
swale maintenance regimes should also be formulated based on hydraulic and landscape 
requirements. However, there is limited guidance in relation to the harvesting of vegetation to 
maximise pollutant removal and the disposal of harvested vegetation. 
 
Pollutant removal capacities in swales are moderate. Relatively high flow rates and low 
contact time of stormwater prevents achieving favourable conditions for chemical and 
biological processes. At high flow rates, a swale can act as a net exporter of pollutants. In 
order to enhance pollutant removal, the construction of check dams at intervals has been 
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recommended to increase the retention time (USEPA 1999). However, this practice can lead 
to safety and maintenance concerns (BMT WBM 2008).   
 
Published literature provides conflicting data regarding the performance of swales in 
pollutant removal. Table 2.2 presents the results from three field studies undertaken in 
Queensland. The performances shown in Table 2.2 are based on synthetic stormwater or on a 
limited number of small storm events.  
 
Table 2.2 Pollutant Removal performance of swales  
Pollutant Efficiency based on 
concentration 
Efficiency based on mass loading 
Fletcher (2002) Fletcher (2002) Parker (2009) 
Total Suspended Solids 73 - 94 % 57-88 % 82% 
Total Phosphorus 58 - 72 % 12 -67% 52% 
Total Nitrogen 44 - 57 % 40 -72% 47% 
 
2.4.3 Bioretention systems 
Bioretention systems are shallow basins containing filter media including an underdrain 
(Figure 2.3). The terms biofilter and raingarden are terms used for similar systems but 
different in size and shape. For example, a raingarden is typically a smaller, individual lot 
scale bioretention system (BMT WBM 2009).  
 
Figure 2.3 Typical bioretention system (adapted from Parker 2009) 
 
As filtration is the primary form of treatment, clogging of the filter media is inevitable 
(Lindsey et al. 1992; Schueler et al. 1992; Hatt et al. 2007). Sediment deposition on the 
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surface layer of the filter media is the principal cause of clogging that occurs, but can also 
occur in the deep layers with the filling of pore spaces (Langergraber et al. 2003; Winter & 
Goetz 2003). Clogging primarily impacts the hydraulic conductivity of the filter media.  
 
As noted by Le Coustumer et al. (2007), provision of suitable vegetation is a solution for 
surface clogging whilst enhancing pollutant removal processes such as plant uptake. Typical 
ground covering grass and shrubbery are typically planted on the filter media (see Figure 
2.4). The groundcover vegetation should possess high leaf density for stormwater treatment, 
uniform distribution to prevent stormwater meandering and provide a uniform root zone. 
Vegetation on the filter media continuously break up the surface through root growth and 
wind induced agitation, preventing surface clogging. The vegetation also provides a substrate 
for biofilm growth, which facilitates biological degradation of pollutants. However, the 
possibility exists of piping action within the filter media due to the presence of dead plant 
roots which can reduce the effectiveness of pollutant removal processes (Parker 2009).  
 
 
Figure 2.4 Vegetated bioretention system at Ormeau, Gold Coast 
 
Pollutant removal in bioretention basins occur due to a range of removal processes. Davis et 
al. (2001, 2003) found that filtration removed approximately 97% of the heavy metals in a 
laboratory scale system with most of the heavy metal elements retained in the organic layers 
provided within the filter media. Rusciano and Obropta (2005) reported significant reduction 
in both faecal coliforms and total solids, noting that the reductions were a result of both, 
filtration and adsorption.  
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Research literature provides conflicting results on the treatment performance of bioretention 
systems. Kim et al. (2003) and Hsieh et al. (2007) noted that the provision of an organic 
layer, particularly vegetated mulch in the filter media can enhance the removal of nitrogen 
species. However, Hatt et al. (2008) noted that nutrient leaching can occur due to degradation 
of the filter media over time. Scholes et al. (2008) reported that pollutant removal processes 
such as adsorption, nitrification and microbial degradation are of limited significance within 
the filter media due to low contact time and constant wetting and drying. Parker (2009) based 
on an extensive field monitoring study, reported significant pollutant load reductions 
primarily due to the reduction in outflow volume rather than due to the reduction in 
concentrations. The reporting of widely varying performances in research literature can be 
attributed to differences in influential factors such as design characteristics, contact time, 
rainfall regime, inflow pollutant characteristics and the maintenance regime adopted. 
 
Filtration systems with no vegetation are expected to have a lifespan of up to 10 years 
(Urbonas 1999) with regular maintenance and removal of the top clogged layer. It is 
hypothesised that the addition of vegetation improves the lifespan of bioretention systems. 
However, detailed studies on the performance of bioretention systems with vegetation and 
corresponding maintenance regimes are not available (Hatt et al. 2008; Le Coustumer et al. 
2007). Additionally, limited information is available as to how the top clogged layer should 
be replaced. 
 
2.4.4 Ponds and Constructed Wetlands 
Constructed wetlands are a common stormwater treatment system and have grown in 
popularity over ponds. Ponds are relatively a deep (often > 1.0 m) water body with minimal 
vegetation. Unlike ponds, where macrophytes are usually absent, wetlands contain a diverse 
range of vegetation, including rushes, water lilies, emergent reeds and submerged vegetation 
(Greenway 2005). However, as constructed wetlands need to be shallow (<0.5 m) to support 
vegetation, they take up more land than ponds and their flood mitigation potential is 
relatively limited. Due to this reason, constructed wetlands are typically supplemented with 
deep water regions (see Figure 2.5) with characteristics of ponds (Greenway 2010).  
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Figure 2.5 Cross section of a typical constructed wetland  
(Adapted from Victorian Stormwater Committee 1999) 
 
A typical constructed wetland is shown in Figure 2.6. Stormwater wetlands utilise a diverse 
range of processes to remove pollutants such as sediments, nutrients, metals, hydrocarbons 
and pathogens. These include settling, filtration, adsorption, nitrification and de-nitrification 
and plant and algal uptake of pollutants.  
 
 
Figure 2.6 Constructed wetland at Kumuru Kumuru Park, Gold Coast 
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Scholes et al. (2008) rated plant uptake as the dominant form of nutrient removal. Despite the 
importance of selecting plant species for effective nutrient removal in constructed wetlands, 
commonly, the selection of vegetation is primarily based on their resilient characteristics and 
landscape requirements rather than solely nutrient removal capabilities.  
 
Research studies have reported conflicting results regarding the treatment performance of 
constructed wetlands. Rousseau et al. (2008) noted that wetlands can provide adequate 
removal of pollutants, given appropriate design and hydraulic conditions. Brydon et al. 
(2006) reviewed the effectiveness of constructed wetlands and noted 50% removal rates for 
heavy metals (such as Cr, Ni, Cu, Pb, and Zn) and 20% for nutrient removal. Similarly, 
Shaver and Maxted (1993) reported appreciable efficiencies in pollutant removal with 76% 
TSS, 77% TN and 44% TP removal. Parker (2009) found that in the system they investigated, 
a pollutant load reduction of TSS (87%) and TN (51%) was achieved. However due to high 
Organic P loads in the wetland outflow, TP load reduction was low (37%). The reporting of 
widely varying performances in research literature in relation to constructed wetlands can be 
attributed to differences in influential factors (Carleton et al. 2000).  
 
The capacity of wetlands to continue removing incoming pollutants over the long term is an 
issue of concern. Gaul and Goonetilleke (1999) noted that with time, a steady state may be 
reached where system inputs equal outputs. The studies by Moustafa et al. (1996) and Cooke 
(1994) essentially confirmed these observations where the export of nitrogen from wetlands 
during high flow was recorded. The importance of including pre-treatment to extend the life 
of a wetland has been recommended by Cartelon et al. (2000).  
 
The sizing of a constructed wetland to suit an urban precinct development is a difficult task. 
A range of fixed percentages have been recommended in various guidelines. Typically, in 
Southeast Queensland, wetlands comprise 2% of the catchment (Parker 2009). Gaul and 
Goonetilleke (1999) make an important critique that a simple requirement of 2% area is far 
too broad an approach. They recommend that wetland sizing should also be dependent on the 
rainfall regime and pollutant characteristics and should be based on detailed investigations.  
 
2.5 Conclusions 
Mitigation of the impacts of urbanisation on urban stormwater runoff is difficult due to the 
complex nature of stormwater quantity and quality at different stages of the runoff 
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hydrograph. Water Sensitive Urban Design (WSUD) is a combination of best management 
practices developed to mitigate the impacts of urbanisation on stream flow and stormwater 
quality. Though the conceptual framework for WSUD implementation is well established, the 
underlying theoretical knowledge underpinning the treatment processes and maintenance 
regimes are still not well understood. This is further compounded by the lack of guidance to 
ensure specificity in maintenance regimes and design intent.  
 
Amongst structural WSUD systems, bioretention systems, swales and constructed wetlands 
are the most common in Australia. Primary pollutant removal processes in WSUD systems 
can be categorised as physical, chemical and biological processes. The implementation of 
WSUD systems in a treatment train is recommended to promote a diversity of pollutant 
removal processes. The most common structural WSUD systems used include gross pollutant 
traps, swales, bioretention systems and sedimentation ponds/constructed wetlands.  
 
Gross pollutant traps (GPTs) are regarded as pre-treatment devices in a stormwater treatment 
train. As GPTs are only employed as supplementary devices to enhance performance in a 
subsequent treatment system, their performance in the removal stormwater pollutants can be 
limited. There is very sparse data available to assess the performance of GPTs.  
 
Swales are vegetated shallow channels designed as alternatives to kerb and gutter to convey 
stormwater runoff from roads and to disconnect the impervious surfaces from the drainage 
network. Pollutant removal capacities in swales are moderate. At high flow rates, swale can 
act as a net exporter of pollutants. Published literature provides conflicting data regarding the 
performance of swales in pollutant removal.  
 
Bioretention systems are designed to receive stormwater, pool temporarily and percolate 
through the filter media. As filtration is the primary form of treatment, clogging of the filter 
surface layer or in the deep layers with the filling of pore spaces is inevitable. The provision 
of suitable vegetation is a solution for surface clogging whilst enhancing pollutant removal 
processes. Research literature provides conflicting results on the treatment performance of 
bioretention systems. This can be attributed to differences in influential factors. 
 
Constructed wetlands have grown in popularity over ponds. However, research studies have 
reported conflicting results regarding the treatment performance of constructed wetlands. 
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This is once again can be attributed to differences in influential factors. The capacity for 
wetlands to continue removing pollutants over the long term is a concern as a steady state 
may be reached where system inputs equal outputs. The sizing of a constructed wetland is 
difficult and the requirement of a standard percentage area is far too broad. It has been 
recommended that wetland sizing should be based on detailed investigation of the rainfall 
regime and pollutant characteristics. 
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3. BARRIERS TO WSUD IMPLEMENTATION, KNOWLEDGE GAPS, AND 
AREAS FOR FURTHER INVESTIGATIONS 
This chapter formed part of the state-of-the-art review of literature that was undertaken. 
 
3.1 Potential barriers to WSUD implementation  
Beecham (2003) has reviewed the barriers to Sustainable Urban Drainage Systems (SuDS) in 
the UK. SuDS are equivalent to WSUD in Australia and the challenges identified are equally 
applicable. The major challenges that need to be addressed to mainstream sustainable urban 
drainage have been identified as follows: 
 
Challenge 1 Preparation of clear life-cycle costing of the treatment systems and 
comparison with conventional drainage systems. The analysis should take 
into account the full range of benefits, downstream impacts and maintenance 
implications of each system to enable holistic and comparative cost benefit 
assessment. 
: 
  
Challenge 2 Importance of building awareness of the multiple benefits of sustainable 
urban drainage. This needs to include the multiple values they bring to 
society, ranging from flood storage, pollution abatement to ecological values. 
: 
  
Challenge 3 Acceptance that “best practice” norm should no longer be unsustainability. 
This entails the need to embody sustainable urban drainage within 
appropriate regulatory practices to ensure its acceptance as “best practice”. 
: 
  
Challenge 4 Establishing clear protocols appropriate for a range of situations for the 
adoption and maintenance of sustainable urban drainage systems. This is 
essential to ensure ready acceptance, and for clarity in relation to 
maintenance requirements and responsibilities. 
: 
  
Challenge 5 Diverting funding to sustainable drainage systems from other areas. This is 
based on the justification that these systems address a range of problems and 
also deliver multiple benefits in areas such as flood proofing, pollution 
mitigation, wildlife protection, amenity and landscape enhancement. 
: 
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Challenge 6 Overcoming the technical shortcomings of sustainable drainage systems. It is 
necessary to ensure continuous improvements in system designs to deliver 
multiple benefits, and providing guidance and demonstration projects on their 
effectiveness. 
: 
 
A study undertaken by the World Wildlife Fund and the RSA Group in UK (WWF & RSA, 
2011) identified the following as the primary barriers to SuDS (same as WSUD) 
implementation: 
• lack of information on surface water risk and the benefits of these systems; 
• low awareness and expectations amongst the general public and the professional 
community (such as planners and developers); 
• shared risks and benefits that are difficult to capture in the current planning, cost-
benefit analysis and decision making regimes; 
• limited incentives for property owners, local authorities and developers to install these 
systems; 
• lack of understanding about the need for a catchment approach and incentives that 
encourage installing ‘upstream’ systems to protect ‘downstream’ properties; 
• a regulatory framework and tradition of bias towards ‘predict and provide’ rather than 
demand management. 
 
The Botany Bay Catchment study undertaken by the Sydney Metropolitan Catchment 
Management Authority (SMCMA 2007) identified the following as the main barriers to 
successful WSUD implementation: 
• low executive commitment and leadership;  
• low councillor awareness; 
• limited planning staff capacity; 
• limited construction and O&M staff capacity;  
• policy deficits (no relevant, universal planning instruments);  
• fear of failure (flooding, amenity, cost);  
• saturated workloads of WSUD professionals; 
• insufficient maintenance and asset management research;  
• limited inter-local knowledge transfer;  
• uncertainty of state government leadership;  
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• community ignorance of WSUD;  
• engineering skills shortage. 
 
Based on the above, the fundamental barriers to successful WSUD implementation can be 
grouped under the following five broad categories which are interrelated to some extent: 
• lack of knowledge transfer; 
• cultural barriers  
• fragmented responsibilities 
• technical barriers  
• lack of engineering standards. 
 
As far back as 2001, it was pointed out by Lloyd (2001) that much of the knowledge required 
to address technology issues was already available in academic papers at the time. 
Unfortunately, this information was not available readily in usable form to industry, local 
government and the general public. Despite the further creation of new knowledge in WSUDs 
in the intervening years, the same can be said today about knowledge transfer. The new 
knowledge created over the years still primarily resides in the research arena and is yet to 
filter down for practical application.  
Lack of knowledge transfer 
 
Consequently, there is a critical need for the appropriate “repackaging” of the state-of-the-art 
knowledge in relation to all facets of WSUDs in a form that better meets the specific needs of 
a diverse range of stakeholders. Communicating research results, long-term performance 
information and case studies play an important role in promoting support for WSUD (Water 
by Design 2005). 
 
Lack of knowledge transfer can take place even within the same organisation. According to 
Alam (2008), WSUD design drawings and management plans are primarily available to the 
engineering department, but may not necessarily be readily accessible to staff in other areas, 
such as those in charge of maintenance. This is further compounded by the lack of 
documented design intent. Lack of knowledge transfer is common within most organisations 
as highlighted by the Sydney Metropolitan Catchment Management Authority (SMCMA, 
2007). The absence of protocols for sharing information can also be a significant barrier.  
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The cultural barriers include institutional inertia, lack of support for WSUD implementation 
and overall lack of knowledge and awareness. The lack of community knowledge of WSUD 
has been noted by SMCMA (2007). Public support is essential for the advancement of 
WSUD. As Ashley et al. (2010) have pointed out, a major part of a WSUD scheme is likely 
to be located in public open space and has the potential to help promote the sustainable 
development agenda. Therefore, making the public aware of the benefits of WSUD is 
essential, which requires their involvement from an early stage. The overcoming of cultural 
barriers is essential to ensure successful WSUD integration. This requires close engagement 
of relevant internal and external stakeholders from the initial phases of the process. 
Cultural barriers  
 
The perceived costs and benefits can also act as a significant barrier. As McManus (2009) has 
noted, cost concerns relating to building, maintaining and replacing WSUD-related 
infrastructure has been expressed in the context of ‘affordable housing’. A related issue is the 
sometimes lack of direct benefit to the provider of WSUDs. ‘Public Good’ alone, may not be 
a strong enough incentive for developers to provide appropriately designed and implemented 
systems. 
 
Considering the above, in the absence of legislative and regulatory drivers or other 
incentives, a common critical success factor is local Government leadership. As the Sydney 
Metropolitan Catchment Management Authority (SMCMA 2007) has pointed out, low 
councillor awareness, low executive commitment and leadership combined with uncertainty 
of state government leadership can be major barriers.  
 
Poor administrative integration between various departments within local councils and 
fragmented responsibilities in relation to WSUDs has been commonly identified as a key 
barrier to successful WSUD implementation (for example McManus 2009; Roy et al. 2008). 
The lack of understanding of responsibilities and identifying who should lead and oversee 
surface water management plans is a related issue. 
Fragmented responsibilities 
 
A related issue is the lack of engagement of internal stakeholders from the inception of the 
WSUD implementation process. This essentially relates back to the discussion above 
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regarding the lack of knowledge transfer within the same organisation. Fragmented 
responsibilities essentially compound the lack of knowledge transfer. 
 
WSUDs gained popularity only in recent years. Therefore, there is only limited knowledge in 
operating and maintaining WSUD systems and even less experience in the potentially more 
complex management of retrofit systems. Consequently, there can be significant doubts as to 
whether the systems will provide the expected service (Ashley et al. 2010).  
Technical barriers 
 
This is compounded by the lack of quantitative long-term performance monitoring and 
evaluation study outcomes and reliable modelling tools (Stovin 2008). Though modelling 
tools such as MUSIC are available, very limited regional and local data on water quality 
parameters is available for model calibration and for the design of WSUD systems 
(McManus 2009). Consequently, using poor quality data sets or use of data not “fit for 
purpose” can result in misleading outcomes. Furthermore, WSUD concept is relatively 
immature and subjective. Catchments are dynamic and changes during its life cycle. No two 
urban catchments are the same and each catchment has unique environmental and landscape 
features that influence its behaviour. 
 
There are numerous guidelines for WSUD implementation. However, guidelines are non-
enforceable, with only discretionary compliance. They may be adopted as goals to be 
achieved over time, whereas standards have the force of law, must be complied within a 
specified timeframe and are usually backed by penalties for non-compliance. As noted by 
Beecham (2003), the lack of Australian standards that deals explicitly with WSUD is a major 
constraint to the mainstreaming of WSUDs.  
Lack of engineering standards 
 
The plethora of guidelines that are currently available can sometimes be counterproductive. 
With many guidelines available, it can be confusing to the stakeholders as to which 
Guidelines to follow. Designers may favour one set, whilst maintenance staff may prefer a 
different set. The urgent need for standardising best practice and the need to avoid confusion 
with differing requirements have been highlighted by numerous researchers (for example, 
Lee et al. 2010; Roy et al. 2008; Cullen 2007; Gardiner & Hardy 2005; Kay et al. 2004). 
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As Parker (2009) has noted, despite the availability comprehensive design guidelines there is 
still inadequate understanding of WSUD system operation and pollutant removal processes. 
Developers do not always realise that the systems need to be built to design specifications 
and require regular maintenance to be effective. Consequently, WSUD systems can be under-
designed and/or poorly built and once constructed they can be poorly maintained.  
 
3.2 Identified knowledge gaps 
Knowledge on WSUD systems has been developed since the 1980s by researchers in 
Australia and overseas. Despite these advances, the knowledge gaps in relation to WSUD 
design and particularly implementation strategies are only closing very slowly. Some of the 
common knowledge gaps identified in recent publications were initially recognised almost a 
decade ago, for example by Lloyd (2001). However, there has been very limited progress 
towards closing these gaps. These knowledge gaps are re-emphasised and discussed below. 
The key knowledge gaps identified in the literature are the following and to a great extent 
they overlap the barriers to WSUD implementation discussed above: 
• lack of knowledge on operational and maintenance practices; 
• lack of reliable methodology for identifying life cycle issues including costs; 
• lack of technical knowledge on system performance; 
• lack of guidance on retrofitting in existing developments. 
 
The lack of knowledge on operational and maintenance practices is a primary barrier to the 
successful implementation of WSUDs (Lloyd 2001; SMCMA 2007). Achieving the 
objectives of WSUD is more than simply constructing the system. Where stakeholders lacked 
information, they usually opt for a ‘safe’ solution. Furthermore, those who take an 
obstructionist position on WSUD are able to capitalise on this lack of knowledge to justify 
the lack of action (McManus 2009).  
Lack of knowledge on operational and maintenance practices 
 
Considering the value of the WSUD systems “on the ground”, the resources being expended 
in understanding their performance and translating this knowledge to enhance operational and 
maintenance practices and guidance to ensure site specificity is grossly inadequate. The 
issues discussed below are interrelated to this lack of knowledge. 
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The lack of reliable methodology for determining requisite maintenance provisions, asset life, 
replacement time, life cycle costs and depreciation are serious impediments to WSUD 
implementation. Compared to conventional stormwater drainage designs, some WSUD 
infrastructure may have lower capital costs but increased maintenance costs. Lloyd (2001) 
has noted that this may shift some of the costs from the developer to the local authority, 
thereby posing a major challenge. However, Boubli and Kassim (2003) based on cost 
comparison of two projects in Sydney’s North West containing various elements of WSUD, 
found that costs varied from being cost neutral for one project to offering considerable 
savings in the case of the other project. 
Reliable methodology for identifying life cycle issues including costs 
 
The use of whole life cost as opposed to easily identifiable financial or direct costs has been 
recommended by Ashley et al. (2010). Many of the benefits of WSUD accrue over the long 
term and benefits a broader range of stakeholders rather than merely being an alternative to 
piped drainage. This will necessitate the evaluation of intangible benefits making costs 
comparison less direct. However, it will highlight and allow for the inclusion of multiple 
benefits of WSUD including social and environmental benefits as well as the economic 
benefits, thus emphasising their potential cumulative sustainability value. Wider social and 
environmental costs and benefits for which there is no market price need to be brought into 
the assessment. Unfortunately, these are often difficult to assess and the current lack of 
reliable methodology acts as a significant constraint. However, these costs and benefits are 
critical and should not be ignored simply because they are difficult to be assessed. 
 
WSUD is relatively common in Australia. However, currently available knowledge in 
relation to the field performance of specific systems is still very limited. This relates to the 
factors and processes that influence pollutant removal. The lack of knowledge on the 
performance of actual systems in the field can be directly related to the dearth of long-term 
monitoring studies for field data collection for system performance evaluation and validation 
of design concepts and theory.  
Lack of technical knowledge on system performance 
 
Despite decades long experience in WSUD implementation, there is still a very heavy 
reliance on “rule of thumb” and theoretical concepts for system design rather than being 
grounded on proven concepts and validated theory. A related issue is the lack of 
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understanding of the location specific nature of WSUD systems performance and the 
significant influence of climatic and catchment characteristics. This has commonly resulted in 
the adoption of design practices which may not be suitable for the specific region. 
 
Currently, the primary focus on WSUD implementation is in new developments. It has also 
been the primary focus of research studies. In the case of new developments, the provision of 
space for appropriate treatment systems can be integrated into the landscape design taking 
into consideration factors such as water quantity and water quality mitigation and specific 
ecological issues. However, the implementation WSUD systems in existing developments 
pose a unique set of challenges. These include, locating the required space for treatment 
systems at appropriate sites and adaptation and modification of treatment designs to suit 
location specific characteristics and treatment objectives.  
Lack of guidance on retrofitting in existing developments  
 
The simplistic adoption of “one size fits all” approach does not necessarily apply in the case 
of retrofitting. Retrofitting in existing developments requires an in-depth understanding of 
system performance and clear guidance for system siting and design. Unfortunately, currently 
available guidelines do not provide information specifically applicable to retrofitting.  
 
3.3 Areas for further investigation 
Based on published literature and the review of barriers to WSUD implementation and 
current knowledge gaps, the following were identified as core areas for further investigation: 
• Systematic performance analysis of WSUD devices and further research into model 
development and refinement is needed in order to resolve some of the key barriers to 
implementation, such as uncertainty about the viability of the systems in the context 
of environmental, economic and social drivers. Consequently, regular performance 
monitoring of WSUD devices for detailed analysis is of paramount importance in 
developing good practice.  
 
• Additionally, appropriate and monitored maintenance of systems during different 
phases of development of build assets over time is required to investigate the most 
appropriate time/phase of development to commission the final WSUD asset. 
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• Significant research is required in the area of WSUD maintenance and asset 
management in order to establish realistic life cycle costs of WSUD devices in order 
to gain the confidence of stakeholders. This is because stakeholders can be averse to 
the perceived risk of using what they may consider to be untested technologies. 
Similarly, local authorities can be reluctant to invest in the technology. Consequently, 
the lack of knowledge on maintenance and asset management such as requisite 
maintenance provisions, asset life, replacement time, life cycle costs and depreciation 
are serious impediments to WSUD implementation.  
 
• Guidelines specific to retrofitting in existing developments with guidance to ensure 
site specificity is needed as currently available guidelines are primarily applicable to 
new developments. Retrofitting in existing developments poses a unique set of 
challenges and innovative approaches in relation to siting, design and adaptation is 
needed as appropriate guidance is currently very limited. 
 
• The latest advances and outcomes of research currently available in academic papers, 
needs to be appropriately repackaged and made readily available to the development 
industry and local government in a form that better meets the specific needs of 
different stakeholders. An approach would be the establishment of a process for 
translation of research outcomes for practical application for enhancing currently 
available best practice guidelines. This will help to gain the confidence of 
stakeholders and win support for wider adoption of WSUD technology.  
 
• There is a significant need for the identification of drivers and overcoming core 
barriers in the areas of institutional fragmentation, knowledge gaps and awareness of 
WSUD practices. In this respect, collaboration between industry and researchers is 
important to share knowledge and technical expertise so that knowledge gaps and 
barriers can be meaningfully identified for subsequent research and the outcomes are 
in turn translated into good practice for practical application. 
 
3.4  Conclusions 
Literature identifies the fundamental barriers to successful WSUD implementation as: 
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• Lack of knowledge transfer – This essentially relates to the lack of appropriate 
dissemination of research outcomes and the common absence of protocols for 
knowledge transfer within the same organisation. 
• Cultural barriers – These relate to social and institutional factors, including 
institutional inertia and the lack of clear understanding of the benefits. 
• Fragmented responsibilities – This results from poor administrative integration within 
local councils in relation to WSUDs. 
• Technical barriers – These relate to lack of knowledge on operational and 
maintenance practices which is compounded by model limitations and the lack of 
long-term quantitative performance evaluation data. 
• Lack of engineering standards – Despite the availability of numerous guidelines 
which are non-enforceable and can sometimes be confusing, there is a need for 
stringent engineering standards. 
 
The knowledge gaps in relation to WSUD design and particularly implementation strategies 
are only closing very slowly. Some of the common knowledge gaps identified in recent 
publications have been recognised almost a decade ago. The key knowledge gaps identified 
in the literature are: 
• lack of knowledge on operational and maintenance practices; 
• lack of reliable methodology for identifying life cycle issues including costs; 
• lack of technical knowledge on system performance; 
• lack of guidance on retrofitting in existing developments. 
 
Based on the review of barriers to WSUD implementation and current knowledge gaps, the 
following were identified as core areas for further investigation: 
• performance evaluation of WSUD devices to enhance model development and to 
assess their viability in the context of environmental, economic and social drivers; 
• establishing realistic life cycle costs to strengthen maintenance and asset management 
practices; 
• development of guidelines specific to retrofitting in view of the unique challenges 
posed by existing urban precincts; 
• establishment of a process for knowledge translation for enhancing currently available 
best practice guidelines; 
30 
 
• identification of drivers and overcoming barriers in the areas of institutional 
fragmentation, knowledge gaps and awareness of WSUD practices.  
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4. GCCC STAKEHOLDER INTERVIEWS 
Fourteen staff members working in the area of WSUD systems management at the Gold 
Coast City Council, representing four Directorates were interviewed. A standard 
questionnaire was used for the interviews. A copy of the questionnaire is included in 
Appendix A. The discussion below consolidates the views and opinions expressed by the 
interviewees in relation to WSUD implementation in the Gold Coast, current issues in 
implementation and suggested recommendations for improvements in implementation. 
 
4.1 WSUD application in the Gold Coast 
GCCC is taking a leading role in the implemention of WSUDs having developed its own 
Guidelines. It is now a statutory requirement for any new development in the Gold Coast. 
Grass swales/bioretention swales, bioretention basins and wetlands are the most commonly 
used WSUD devices. Gross pollutant traps (GPTs) are commonly used as pretreatment 
devices prior to bioretention basins and wetlands. 
 
In recent years Council has also encouraged the development industry to use WSUD 
practices for other public benefit. Some of the large developments within the Gold Coast area 
have successfully utilised WSUD practices to provide additional community benefits such as 
water saving, flood mitigation, additional recreation area and enhanced amenity value for 
communities. 
 
4.2 Current issues in WSUD application in Gold Coast 
Based on stakeholder interviews undertaken, the key findings in relation to the identified 
strengths, weaknesses, opportunities and threats to WSUD implementation in the Gold Coast 
are presented in the form of a SWOT analysis as outlined in Table 4.1 below. 
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Table 4.1 SWOT Analysis of Interview Responses 
Helpful to achieving WSUD objectives Harmful to achieving the WSUD objectives 
Strengths 
• WSUD is a requirement under the Land 
Development Guidelines 
• Existence of a WSUD working group 
• Officer interest and enthusiasm 
• Over 10 years of experience  
Weaknesses 
• Limited technical knowledge and awareness of 
WSUD, lack of technical training for staff 
• Poor institutional arrangements for enhancing 
WSUD implementation 
• Positioning of WSUD devices giving rise to 
issues such as tree retention, maintenance 
access, point of discharge  
• Lack of monitoring to assess performance, and 
uncertainty about performance  
• Incomplete information on implementation and 
maintenance costs of WSUD devices, paucity 
of safety information in Guidelines, inadequate 
information about maintenance requirements in 
the assessment and compliance phases 
• Lack of effective translation of Guidelines for 
providing specific design advice to assist 
developers  
• Discharge standards in Guidelines only apply to 
new developments, and can be over ambitious 
for retrofits and hence can be over-engineered 
and costly  
• Fragmented responsibilities 
Opportunities 
• Learn from other States and regions 
• Enhancing community amenity values 
• A driver for a sustainable development 
agenda 
• Ability to address a range of issues – 
flood abatement, pollution mitigation, 
enhancing ecosystem and amenity values 
• Establishment of a rewarding system for 
developers 
Threats 
• Limited resources and many other competing 
needs in addition to WSUD 
• Lack of community knowledge on WSUD 
benefits  
• Receiving water quality may not be a driver for 
policy and action due to tidal flushing in some 
areas in the Gold Coast 
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Although there are successful WSUD projects in the Gold Coast area, there have also been 
challenges that GCCC has faced in the implementation of WSUDs over the years. These 
challenges are primarily in relation to the selection of the appropriate treatment train 
configuration, maintenance of treatment devices during the construction phase, monitoring 
the performance and longevity of WSUD elements, assessment of the life cycle costs, 
developing and understanding realistic maintenance and replacement costs for Council and 
the integration of WSUD elements within the public open space.  
 
Based on the outcomes of the stakeholder interviews, several important factors have been 
identified as possible barriers to successful WSUD implementation in the Gold Coast. These 
are discussed below. 
 
4.2.1 Confusing terminology 
Concerns were raised regarding confusing terminology. For example, terms such as Water 
Sensitive Urban Design (WSUD) and Stormwater Quality Improvement Devices (SQID) are 
used interchangeably in stormwater literature and within the industry and even in the LDG 
(Section 3 of LDG). This also applies to the many different names for WSUD devices. The 
need for standardised terminology and a glossary for use in GCCC practice was highlighted.  
 
4.2.2 Issues during the construction phase 
During the construction phase, significant issues can arise in relation to WSUD. These issues 
need to be specifically taken into consideration in WSUD implementation. The most 
significant issues are:  
 
Where bioretention systems are not provided with upstream pretreatment measures or 
adequately protected during subdivision works and building construction, sediment loads can 
often clog the filter media and thereby significantly impair system performance. Contractors 
and builders can create substantial impacts on the stormwater treatment system due to the 
neglect of appropriate construction site management practices. In response to this situation, 
GCCC has developed specific recommendations.  
Clogging of unprotected bioretention systems 
 
Unfortunately, it has been found that at some construction sites, although the necessary 
precautions were taken to protect bioretention basins from sedimentation, clogging still 
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remained a problem. It was also reported that there were successful examples where potential 
bioretention basins were used as sediment basins during the construction period and later 
converted.  
 
Swales and buffer strips constructed in road reserves can be damaged by the movement and 
parking of vehicles by builders during the construction phase. These damaged areas 
eventually create preferential flow paths that diminish treatment performance, as well as 
creating depressions that can lead to potential mosquito breeding grounds. However, where 
they are set back and protected, they perform well and also add to the aesthetic value. Similar 
to swales and buffer strips, bioretention basins located adjacent to high traffic areas can also 
suffer similar vehicle induced damage.  
Damage by vehicles 
 
4.2.3 Council stakeholder engagement in the WSUD process 
Based on stakeholder interviews and available literature, a chart showing the Council 
stakeholders (Directorates) involved in the developer led WSUD implementation process in 
GCCC, and stakeholder involvement in design, construction, asset transfer and ongoing 
maintenance once they become the assets of the Council is given in Figure 4.1 below. The 
chart also depicts the current Council stakeholder engagement (in yellow) and 
recommendations by stakeholders (in blue) in order to enhance stakeholder engagement in 
WSUD maintenance and management.  
 
From this chart the following observations can be noted: 
• Late engagement of the Engineering Services Directorate (Maintenance Services 
Unit) 
At the concept planning stage, developers apply to GCCC to construct a WSUD 
device as stipulated in the Land Development Guidelines (LDG) process. Civil 
construction designs are created and environmental impact studies are undertaken 
which are then compiled into an Environmental Management Plan (EMP). This 
includes vegetation planting schedules and the submission of landscape construction 
drawings. However, the Maintenance Services Unit of the Engineering Services 
Directorate has no input into the construction design or any other aspects of the 
developer generated WSUD process. They only maintain the WSUD assets following 
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handover by the asset custodian. The technical and operational experience of the Unit 
would contribute to enhancing WSUD implementation.  
 
• Late engagement of the Community Services Directorate (Catchment Management 
Unit) 
In a similar manner, the Catchment Management Unit has no input throughout the 
process other than monitoring the receiving waters. A water quality monitoring 
program to establish the treatment performance of WSUD systems is not undertaken. 
The late engagement of other units such as Natural Area Management (NAM) and 
Parks & Recreation (P & R) was also commented on, by the interviewees. 
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Figure 4.1 WSUD process for contributed assets and Council stakeholders involvement at GCCC 
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4.2.4 Limitations in guidelines and policies 
WSUD is a requirement in the LDG which specifies the safeguarding of water quality at pre-
development level. However, it was highlighted during the interviews that the LDG is limited 
in providing specific design advice to assist developers. A lack of consistency between 
GCCC Land Development Guidelines and Healthy Waterways Guidelines was also noted by 
the stakeholders.  
 
Some stakeholders considered that the Guidelines should be site specific and there should be 
flexibility to cover different stages of the life cycle. Additionally, the current Guidelines are 
more readily applicable to new developments and cannot be easily applied to re-development 
areas or for retrofitting. It was also noted that there could be differences between projects 
initiated by Developers and Council and accordingly the Guidelines should be different for 
the two entities.   
 
Other comments made by stakeholders regarding the limitations in the Guidelines include: 
• not detailed enough in relation to minimum safety requirements, such as maximum 
standing water depth, fencing requirements and public access; 
• general lack of detailed design criteria in relation to Crime Prevention through 
Environmental Design (CPTED), safety, amenity, environment, surrounding uses, and 
impacts on surroundings; 
• there is inadequate information regarding maintenance requirements specific to the 
assessment and compliance phases as these can differ; 
• the mandatory emphasis on water quality should be re-considered. For example, if the 
stormwater is to be used for horticulture, the presence of nutrients should not be an 
issue. Essentially, this translates to greater flexibility in the application of LDG 
requirements; 
• recommendations for plant selection are based primarily on landscape requirements 
rather than pollutant uptake capability. 
 
4.2.5 Public safety and accessibility 
As with any permanent or temporary water body, there are the inherent risks associated with 
open water zones in WSUD devices due to potential public access. In order to minimise risks 
associated with bioretention basins, wetlands and ponds, it is important to restrict public 
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access through vegetation barriers, erecting safety fences or safety benching. For example, 
the temporary fencing that has been provided in some sites, do not necessarily provide a 
satisfactory barrier to prevent children from accessing the water body.  
 
4.2.6 Siting of WSUD devices 
WSUD devices in most cases are located within public open space. Consequently, this can 
give rise to the following issues: 
• though the Land Development Guidelines stipulates specific criteria regarding the 
positioning of WSUD devices, in practice this criteria is not always complied. 
Consequently, this can lead to unsatisfactory siting, inadequate space for the provision 
of batter gradients, access and capacity for the device itself and maintenance access. 
The liability thus created, can compromise the long-term viability of such systems; 
• conflicts with other priorities such as environmental buffers, tree retention, 
dewatering areas, points of discharge and recreational public open space. 
• lack of a ‘treatment train’ approach; 
• devices need to be integrated into the landscape as opportunities are available for 
creative design solutions to enhance aesthetic value and not merely designed to be 
functional.  
 
4.2.7 Long-term viability 
For the long-term viability of WSUD systems, social considerations should also be given 
priority. Additionally, designs should integrate the management of the total water cycle with 
the urban development process. Therefore, the implementation of a WSUD system should not 
only take into consideration the water quality and quantity issues, but also, landscape, 
biodiversity and integrated water cycle management. Landscape design of specific elements 
should aim to create places that local residents and visitors will come to enjoy and regard as 
an asset. This requires close collaboration between a range of professionals during the design 
and operational phases. 
 
4.2.8 Performance and maintenance of WSUD systems 
The lack of performance monitoring and maintenance of WSUD elements was highlighted by 
most interviewees as a major issue. An ongoing monitoring program was considered essential 
to allow improvements to water quality to be assessed, modifications and enhancements 
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implemented to improve performance and coupled together with regular inspections for early 
detection and rectification of malfunctioning devices. It was noted that maintenance 
inspections were essential throughout the construction period and not just a few weeks before 
the handover of assets. Although a primary intent of a WSUD device is to perform without 
maintenance over long periods, it has been found that these devices may have a high 
maintenance demand and sometimes may even require different types of maintenance than 
originally envisaged. 
 
For example, GPTs need emptying on a three to six month basis and wetlands require the 
removal of accumulated sediment on a regular basis (as often as biennially). This is despite 
the fact that the LDG notes that detention devices such as sedimentation ponds need to be 
desilted only in five year cycles. In a recent survey by GCCC to identify the maintenance 
needs of WSUD devices, 177 units were identified under the following three categories: 
• 69 of them were in urgent need of restoration; 
• 95 of them had specific maintenance requirements; 
• 13 of them were literally “holes in the ground” and required major reconstruction. 
 
However, as noted by stakeholders, the maintenance budget for WSUD systems in GCCC is 
$375,000/yr, whereas the de-silting of sediments from one sedimentation basin alone can be 
as high as $120,000. This highlights the inadequacy of resources currently available for 
maintenance.  
 
4.2.9 Lack of technical training for personnel  
There is a significant need for regular training programs to impart state-of-the-art knowledge 
to staff involved in approving designs undertaken by consultants and staff responsible for the 
maintenance and management of WSUD devices. This should contribute to overcoming the 
current knowledge gap between research and application arenas which was identified above 
as a primary barrier to WSUD implementation.  
 
4.2.10 Incentive scheme for developers 
It was suggested that an incentive scheme should be introduced to reward developers and 
contractors if they prove themselves to be proactive and act responsibly in the area of 
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stormwater management. This would help to reduce the cost of enforcement which is 
currently a “hit-and-miss” approach.  
 
4.3  Summary of responses from stakeholder interviews 
The following is a summary of the responses received during the stakeholder interviews: 
 
• Standardisation of WSUD Terminology – In order to ensure that there is common 
understanding across the Council, a glossary of terms is needed for standardising 
terminology. 
 
• Safeguarding devices during construction phase – During the construction phase, it is 
important to ensure that appropriate measures to safeguard WSUD devices are 
implemented.  
 
• Council stakeholder engagement in the WSUD process – The engagement of all 
relevant stakeholders from the initial stage of concept planning through to asset 
handover, and ongoing monitoring would enhance the WSUD process and strengthen 
Council stakeholder engagement. 
 
• Limitations in Guidelines – The Land Development Guidelines is limited in providing 
specific design advice to assist developers, particularly for re-development areas.  
 
• Public safety – Risks associated with potential public access to open water zones 
should be minimised with the application of appropriate safety measures. 
 
• System siting – Positioning of WSUD systems needs careful consideration to avoid 
conflicts with environmental buffers, tree retention, dewatering areas, point of 
discharge and recreational public open space. Additionally, appropriate access for 
maintenance is essential.  
 
• Long-term viability – To ensure the long-term viability, social issues as well as 
landscape, biodiversity and integrated water cycle management should be taken into 
consideration in addition to water quantity and water quality issues.   
41 
 
 
• Performance and maintenance – The lack of performance monitoring and an 
inadequate maintenance budget is a significant issue considering the fact that some 
systems can have a high maintenance demand and sometimes may even require 
different types of maintenance than originally envisaged.  
 
• Lack of technical training – Training to impart state-of-the-art knowledge to staff 
involved in the approval of designs and maintenance and management of WSUD 
systems is important to overcome the current knowledge gaps between the research 
and application arenas.  
 
• Incentives for developers – Incentives for developers and contractors should be 
considered for those being proactive and responsible in the area of stormwater 
management.  
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5. FIELD AUDITING OF WSUD SYSTEMS 
5.1 Background 
Field auditing of WSUD systems was undertaken to identify strengths and weaknesses in 
implementation on the Gold Coast. The locations were identified in consultation with the 
stakeholders who participated in the interviews together with pre-determined criteria to select 
a representative mix of sites. The criteria included system age, system type/s and system 
location. The field audit focused on the existing condition of the WSUD systems as well as 
the surrounding area. Information gathered during the audit was used for condition 
assessment and for the identification of system characteristics including possible strengths 
and weaknesses in implementation and potential contributing factors. The field auditing 
undertaken was a visual inspection as stipulated in the project brief.  
 
Field auditing was undertaken at the following sites: 
1. Kumuru Kumuru Park  
2. Jacobs Ridge  
3. Pacific Pines 1 
4. Pacific Pines 2 
5. Coomera Springs Boulevard  
6. Seagreen 1 
7. Seagreen 2 
8. Genesis  
9. Broadwater Parkland  
10. Discovery Park  
11. Coomera Waters 
 
5.2 Kumuru Kumuru Park  
Date of visit:  23 June 2011 
Location:  Jefferson Court, Upper Coomera 
GPS Coordinates:  S 270 52.094’, E 1530 18.451’ 
 
5.2.1 Overview  
Kumuru Kumuru Park stormwater treatment system consists of a constructed wetland and a 
gross pollutant trap. The constructed wetland has both shallow (<0.5m) and deepwater zones 
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as shown in Figure 5.1. The shallow water region is densely vegetated at the periphery and 
close to the inlet and outlet structures. The deep water region consists of floating 
macrophytes. Contributing catchment is a mix of relatively old and new development. There 
are a few vacant lots. Some bare patches of land are also present within the catchment which 
has the potential to produce sediment loads. Catchment is mostly flat terrain. Further 
photographic records are provided in Appendix B, Figures B1 to B4. 
 
 
 
 
Figure 5.1 Kumuru Kumuru Park WSUD system: location and condition of the system 
 
5.2.2 Condition assessment 
Based on the visual inspection, the stormwater treatment system is in good condition. There 
is no evidence of major erosion or sedimentation and limited weed presence within the 
system. The following discussion outlines the strengths and weaknesses in system 
implementation. 
 
 
Wetland  
Overflow outlet 
Inlet 
Floating outlet Downstream  
environment 
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• The treatment train consists of a gross pollutant trap as the primary treatment measure 
and a constructed wetland as the secondary treatment measure.  
Treatment train 
• It is not clear whether this arrangement is adequate as a treatment train for this 
location. 
 
• Though the inlet and outlet structures are located close to each other, an embankment 
is provided to increase flow length within the system, thus eliminating short circuiting 
of flow.  
Inlet and outlet structures 
• Outflow from the system is via a combination of a floating outlet and an overflow 
structure, which appears to operate satisfactorily.  
• Evidence of adverse impacts due to high flows is not visible within the constructed 
wetland. Though there is some vegetation growth close to the inlet, it does not restrict 
the inflow. Vegetation growth and negligible sedimentation close to the inlet can be 
considered as an indicator of satisfactory design.  
 
• There is satisfactory maintenance access to the wetland.  
Accessibility 
• Vegetation around the wetland provides a barrier to ensure public safety. Though the 
vegetation close to the inlet and outlet structures is sparse, the shallow water depth in 
these regions reduces the risks.   
 
• Downstream of the system there is a natural wetland which is in good condition. 
Surrounding area 
• The downstream natural wetland displays signs of previous sedimentation which 
could have occurred before (possibly during civil construction stage) the constructed 
wetland was commissioned to operate in its current role.   
• The system is linked to an existing waterway corridor.   
• Essentially the system has been well integrated into the landscape.  
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5.3 Jacobs Ridge  
Date of visit:  4 July 2011 
Location:  Anna Avenue, Jacobs Ridge 
GPS Coordinates:  S 270 46.530’, E E 1530 15.638’ 
 
5.3.1 Overview 
Jacobs Ridge stormwater treatment system is a stand-alone bioretention system. It is situated 
within a well-established catchment with relatively steep terrain. Both interior and 
surroundings of the bioretention system is densely vegetated as shown in Figure 5.2. Further 
photographic records are provided in Appendix B, Figures B5 to B8.  
 
 
Figure 5.2 Jacobs Ridge WSUD System: location and condition of the system 
 
5.3.2 Condition assessment 
Based on the visual inspection, the Jacobs Ridge bioretention system is in a moderate 
condition. The following discussion outlines the strengths and weaknesses in system 
implementation. 
Bioretention system 
Overflow outlet Downstream  
environment 
Inlet 1 
Inlet 2 
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• Only a bioretention basin has been provided as the secondary treatment measure.  
Treatment train 
• It is not clear whether this arrangement is adequate as a treatment train for this 
location.  
• Vegetation within the system is very dense and may need to be harvested.  
 
• Two inlets are located side by side and the outlet is located diagonally opposite. This 
should ensure adequate retention time for stormwater treatment. 
Inlet and outlet structures 
• One of the inlets is eroded possibly due to excessive velocity created in the structure. 
The stone pitching provided as an erosion control measure has been dislodged and 
appears to be inadequate for the purpose.  
• Significant amount of accumulated debris consisting of dead vegetation is collected 
close to the outlet.  
 
• Maintenance access to the bioretention system is satisfactory. An access ramp 
provides easy access to the bioretention filter bed.  
Accessibility 
• Dense vegetation around the bioretention system limits public access. Vehicle access 
to the system is controlled by a secured gate. However, possible pool depth of 0.5 to 
0.7m may be hazardous during high runoff events.  
 
• Bioretention system is not linked to the existing waterway corridor. Therefore, it 
provides limited value as an ecological asset.  
Surrounding area 
• Footpath around the system provides some recreational value.   
 
 
5.4 Pacific Pines 1 
Date of visit:  22 June 2011 
Location:  Barradeen Circuit, Pacific Pines 
GPS Coordinates:  S 270 56.994’, E 1530 18.009’ 
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5.4.1 Overview 
WSUD system is a combination of three GPTs connected to a sedimentation basin. The 
sedimentation basin is termed as a bioretention system in the nearby information board. 
However, it appears to operate as a sedimentation basin with standing water as shown in 
Figure 5.3, possibly for the duration of the construction period. Provision has been allowed to 
lay an underdrain which will facilitate the future upgrade to a bioretention system. The three 
GPTs at the periphery of the retention basin are located in steep embankments. Catchment 
draining to the system is still developing with residential construction sites and vacant lots. 
Further photographic records are provided in Appendix B, Figures B9 to B11.  
 
 
Figure 5.3 Pacific Pines 1 WSUD system: location and condition of the system 
 
5.4.2 Condition assessment 
Strengths and weaknesses of the Pacific Pines WSUD system were assessed assuming it is a 
sedimentation basin.  
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• The treatment train consists of three gross pollutant traps and a retention basin for 
secondary treatment. 
Treatment train 
• It is not clear whether this arrangement is adequate as a treatment train for this 
location. 
• Area close to the overflow structure and along the earth embankment is completely 
silted. Areas close to the inlets contain deep water.  
• The system serves a large catchment. Therefore, it cannot be considered as a source 
control measure, but rather as an end-of-pipe system.  
• The surrounding area is steep with additional erosion control measures provided.   
 
• The overflow structure is an approximately 4m tall stepped spillway constructed using 
gabions. This is an unusual structure for a WSUD device. 
Inlet and outlet structures 
 
• Adequate space and access is provided for maintenance. However, maintenance 
access is restricted to some parts of the system due steep terrain. 
Accessibility 
• Public safety is a concern. Periphery of the retention basin and surrounding area is 
well vegetated in places, but does not necessarily provide a suitable barrier. No 
permanent barriers are provided to limit public access, particularly considering the 
depth of water in some sections and the presence of soft mud. Temporary fencing has 
been installed around the system, but does not provide a suitable barrier.  
 
• Immediate downstream environment from the system is in good condition. System is 
situated next to a natural creek and forested area.  
Surrounding area 
 
 
5.5 Pacific Pines 2 
Date of visit:  22 June 2011 
Location:  Barcoo Street, Pacific Pines 
GPS Coordinates:  S 270 56.5154’, E 1530 18.0438’ 
49 
 
5.5.1 Overview 
Pacific Pines 2 WSUD system is similar in design to Pacific Pines 1 system. It consists of 
three GPTs connected to a sedimentation basin. The sedimentation basin is termed as a 
bioretention system in the nearby information board. However, due to the presence of 
standing water it appears to be operating as a sedimentation basin as shown in Figure 5.4, 
possibly for the duration of the construction period. Provision has been allowed to lay an 
underdrain which will facilitate the future upgrade to a bioretention system. Similar to Pacific 
Pines 1, the GPTs are located close to the retention basin, in steep embankments. Further 
photographic records are provided in Appendix B, Figures B12 and B13. 
 
 
Figure 5.4 Pacific Pines 2 WSUD system: location and condition of the system 
 
4.5.2 Condition assessment 
Strengths and weaknesses of the Pacific Pines 2 WSUD system were assessed assuming it is 
a sedimentation basin.  
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• Similar to Pacific Pines 1, the treatment train consists of three gross pollutant traps 
and a retention basin for secondary treatment. 
Treatment train 
• It is not clear whether this arrangement is adequate as a treatment train for this 
location. 
• Area close to the overflow structure and along the earth embankment is completely 
silted. Areas close to the inlets contain deep water.  
• The system serves a large catchment. Therefore, it cannot be considered as a source 
control measure, but rather as an end-of-pipe system. The surrounding area is steep. 
• Additional erosion control measures are provided in some areas.   
 
• Inlets to the system are well designed and located in steep embankments. No erosion 
or sedimentation was noted at the inlets. 
Inlet and outlet structures 
• The overflow structure is an approximately 4m tall stepped spillway and constructed 
using gabions. This is an unusual structure for a WSUD device. 
 
• Public safety is a concern. Public access to the overflow structure is not restricted. 
However, access to the impounded water is restricted by dense vegetation.  
Accessibility 
• Access to the sedimentation basin is via a nearby residential road with a secured gate. 
Maintenance access is restricted to some parts of the system due to steep terrain.   
 
• Immediate downstream environment from the system is in good condition. System is 
situated next to a natural creek and forested area. 
Surrounding area 
 
 
5.6 Coomera Springs Boulevard  
Date of visit:  23 June 2011 
Location:  Coomera Springs Boulevard, Upper Coomera 
GPS Coordinates:  S 270 50.628’, E 1530 17.994’ 
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5.6.1 Overview 
Coomera Springs Boulevard WSUD system is a combination of two constructed wetlands 
and two sedimentation ponds. Constructed wetlands are connected in series and the 
sedimentation ponds are connected to either ends of the upstream constructed wetland as 
shown in Figure 5.5. Further photographic records are provided in Appendix B, Figures B14 
to B17. 
 
 
Figure 5.5 Coomera Springs Boulevard WSUD system: location and condition of the 
system 
 
5.6.2 Condition assessment 
Overall, the Coomera Springs Boulevard WSUD system is in moderate condition. Conditions 
of individual components of the system vary from poor to good from upstream to 
downstream. The poor condition at the upstream of the system could be due to current 
construction activities in the catchment immediately upstream of the system. Upstream 
Wetland 
Downstream  
environment 
Wetland 
Sedimentation basin 1 Sedimentation basin 2 
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section of the WSUD system is currently under rehabilitation. The following discussion 
outlines the strengths and weaknesses in system implementation. 
 
• WSUD system is a combination of two constructed wetlands and two sedimentaion 
ponds. 
Treatment train 
• It is not clear whether the provision of two sedimentation ponds and two constructed 
wetlands is the most appropriate treatment train. It would have been preferable if a 
greater mix of devices was provided to ensure a wider removal of pollutant types.  
• Considering current construction activities in the contributing catchments and 
extensions to drainage networks, the design of the WSUD system appears to be 
inadequate. In the current form, runoff from newly developing areas is flowing 
directly into the upstream constructed wetland, bypassing the sedimentation basins.   
• The two sedimentation basins are subjected to erosion which can be attributed to 
excessive velocities within the systems.   
• Upstream constructed wetland is in a poor condition. The wetland is mostly covered 
in weeds and the density of vegetation is relatively low.  
• Downstream constructed wetland is in good condition. However, the periphery of the 
system has limited vegetation. Bulk of the system area is open water with limited 
floating vegetation. A water fountain is placed in the middle of the system.  
 
• Inlets to the system are severely eroded.  
Inlet and outlet structures 
• Structures being used to convey runoff from upstream wetland to the downstream 
wetland are covered in vegetation.   
 
• Adequate space is provided for maintenance activities to all parts of the system.  
Accessibility 
• Public safety is satisfactory for all components of the system. Though, public access 
to impounded water is not restricted, water depth at the periphery of the devices is 
low.   
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• There is ongoing construction in the catchment immediately upstream of the WSUD 
system. Therefore, it will be necessary to undertake rehabilitation work in the system 
after completion of construction activities. 
Surrounding area 
• The systems are well integrated with surrounding landscape and parklands. Other than 
areas of construction activity, the surroundings of the system is used as a recreational 
area. 
 
 
5.7 Seagreen 1  
Date of visit:  4 July 2011 
Location:  Seashell Avenue, Coomera  
GPS Coordinates:  S 270 50.869’, E 1530 19.643’ 
 
5.7.1 Overview 
Seagreen 1 WSUD system consists of two constructed wetlands connected in series as shown 
in Figure 5.6. Major portion of inflow to the system originates from a vegetated creek. The 
creek is approximately 10m wide and rock lined with moderately dense vegetation. Upstream 
wetland is in low-lying area and the downstream wetland is a narrow strip. The system is 
serving a relatively small catchment. Further photographic records are provided in Appendix 
B, Figures B18 to B20.  
 
5.7.2 Condition assessment 
Overall, the Seagreen WSUD system is in good condition. Integration with the creek seems to 
effectively reduce runoff flow velocity. The following discussion outlines the strengths and 
weaknesses in system implementation. 
 
• WSUD system is a combination of two constructed wetlands connected in series.  
Treatment train 
• It is not clear whether this arrangement is adequate as a treatment train for this 
location. 
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• Difficult to understand the function of the downstream wetland. Downstream wetland 
is a narrow strip separated from the upstream wetland and downstream creek by 
embankments.  
• Bed elevation of the upstream constructed wetland appears to be low compared to the 
bed level of the downstream constructed wetland. This creates a permanent pool of 
water in the upstream constructed wetland.  
 
 
Figure 5.6 Seagreen 1 WSUD system: location and condition of the system 
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• Locations of the inlet and outlet devices in the downstream wetland seem 
inappropriate. The two structures are opposite each other on the shorter site. This can 
create idle flow regions.  
Inlet and outlet structures 
• Signs of erosion noted around the hydraulic structures.  
 
• Maintenance access to all parts of the system is satisfactory.  
Accessibility 
• Public safety is satisfactory due to the dense vegetation barrier around the system.  
 
• Surrounding area of the constructed wetlands including the embankment separating 
the wetlands and the natural creek are appropriately vegetated.  
Surrounding area 
• The area around the system is partly used for recreational purposes.  
 
5.8 Seagreen 2 
Date of visit:  4 July 2011 
Location:  Coomera Springs Boulevard, Upper Coomera 
GPS Coordinates:  S 270 50.869’, E 1530 19.643’ 
 
5.8.1 Overview 
Seagreen 2 WSUD system is a stand-alone bioretention system as shown in Figure 5.7. It is 
situated within a newly constructed urban precinct. Further photographic records are provided 
in Appendix B, Figures B21 and B22.  
 
5.8.2 Condition assessment 
There are ongoing civil and building construction activities within the catchment area of the 
system. Consequently, the bioretention system is in moderate to poor condition. The surface 
layer of the bioretention system appears to be clogged. It is possible that the bioretention 
basin is being used as a sedimentation pond during the construction period as there is a thick 
soil layer deposited on the bed. However, the surroundings of the bioretention system and the 
bed are planted. The vegetation has not yet matured. The following discussion outlines the 
strengths and weaknesses in system implementation. 
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• The treatment train consists of a bioretention basin as the secondary treatment 
measure.  
Treatment train 
• It is not clear whether this arrangement is adequate as a treatment train for this 
location. 
• Commissioning a bioretention system during the construction stage is not satisfactory. 
The filter surface may be clogged as evident from the thick sediment layer deposited 
on the bed.  
 
 
Figure 5.7 Seagreen 2 bioretention system: location and condition of the system 
 
• Bed material close to one of the inlets is eroded. This may be attributed to the high 
flow velocities created at the inlet.  
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• Maintenance access to all parts of the system is satisfactory with adequate space 
available. Access ramp with a secure gate provides direct access to bioretention 
system bed.  
Accessibility 
• Public safety is satisfactory with dense vegetation around the system restricting 
access.  
 
• Surrounding area of the bioretention system has limited recreational use.  
Surrounding area 
• Downstream of the system is in poor condition. Significant sediment deposits can be 
noted in the downstream natural creek bed.  
 
 
5.9 Genesis  
Date of visit:  23 June 2011 
Location:  Paradise Drive, Coomera 
GPS Coordinates:  S 270 50.536’, E 1530 20.488’ 
 
5.9.1 Overview 
The WSUD system consists of three constructed wetlands connected in series and a swale 
system as shown in Figure 5.8. Connection between constructed wetlands is by pebble lined 
channels. Runoff from nearby road surfaces flow over swales before reaching the wetland 
system. Further photographic records are provided in Appendix B, Figures B23 to B26. 
 
5.9.2 Condition assessment 
Overall, the condition of the wetland systems seem be deteriorating from good/moderate/poor 
condition. This could be primarily attributed to the possible high sediment loads originating 
from the upstream construction sites. The following discussion outlines the strengths and 
weaknesses in system implementation. 
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Figure 5.8 Genesis wetland and swale system: location and condition of the system 
 
• The treatment train consists of three constructed wetlands connected in series and a 
swale system. 
Treatment train 
• The reason for providing three constructed wetlands in series is not clear. Three 
similar systems do not necessarily provide a satisfactory WSUD treatment train and a 
mix of secondary treatment systems would have been preferable.  
• It is not clear whether this arrangement is adequate as a treatment train for this 
location. 
• Construction activities at the upstream of the system have led to the deterioration of 
the constructed wetlands. The systems may require rehabilitation after completion of 
construction.  
• Swales are used to disconnect the impervious surfaces in most parts of the 
contributing catchment.  
• Harvesting of wetland vegetation as a maintenance measure is taking place.  
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• All the hydraulic structures in the system are in good condition.  
Inlet and outlet structures 
 
• Maintenance access to all the system components is satisfactory. Adequate space is 
provided for maintenance activities.  
Accessibility 
• Public safety is satisfactory as the water depths are shallow at the periphery of the 
constructed wetlands. 
 
• Downstream environment is forested and is in good condition.  
Surrounding area 
• Area surrounding the system serves as a recreational area/parkland.  
 
 
5.10 Broadwater Parkland  
Date of visit:  23 June 2011 
Location:  Southport 
GPS Coordinates:  S 270 50.536’, E 1530 20.488’ 
 
5.10.1 Overview 
WSUD system consists of three serially connected constructed wetlands and detention basin 
at the downstream as shown in Figure 5.9. The system is situated close to the shoreline and 
treats the runoff from Southport central business district. Further photographic records are 
provided in Appendix B, Figures B27 to B29.  
 
5.10.2 Condition assessment 
The wetland system is in a satisfactory condition. The following discussion outlines the 
strengths and weaknesses in system implementation. 
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Figure 5.9 Broadwater Parkland wetland system: location and condition of the system 
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• The treatment train consists of three serially connected constructed wetlands and 
detention basin at the downstream. 
Treatment train 
• It is not clear whether this arrangement is adequate as a treatment train for this 
location. 
• The design flow paths through the system are difficult to identify.  
• Pipes placed along the sides of the wetlands for conveying flow are partially blocked.  
• Vegetation within the constructed wetlands seems overgrown and may require 
harvesting.  
 
• Outflow from the downstream detention basin is through a floating outlet.  
Inlet and outlet structures 
 
• Maintenance access to all the system components is satisfactory with adequate space 
provided for maintenance activities.  
Accessibility 
• There is easy public access due to the lack of a satisfactory barrier around the system 
which could be an issue during high flows.   
 
• The system is located within a recreational park and well merged with the landscape.  
Surrounding area 
 
 
5.11 Discovery Park 
Date of visit:  10 August 201 
Location:  Helensvale 
GPS Coordinates:  S 270 50.10’, E 1530 19.80’ 
 
5.11.1 Overview 
The WSUD system consists of two bioretention systems and a retention basin as shown in 
Figure 5.10. Bioretention systems receive runoff from separate upstream catchments and 
drains to the downstream retention basin through a pipe and channel system. The system is 
newly constructed within an established residential area.  
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Figure 4.10: Discovery Park WSUD system: location and condition of the system 
 
5.11.2 Condition assessment 
The system is not in a good condition particularly considering its recent construction. The 
following discussion outlines the strengths and weaknesses in system implementation. 
 
• Use of a retention basin at the downstream of two bioretention systems as a treatment 
train is questionable. 
Treatment train 
• It is not clear whether this arrangement is adequate as a treatment train for this 
location. 
• Inflow from some parts of the catchment flows directly to the retention basin by-
passing the bioretention system. This flow would not be provided with adequate 
treatment. 
• By-pass water from the two bioretention systems combines with the treated water 
from bioretention systems at the retention pond. This may create inefficiencies in 
treatment. 
• Both bioretention systems are vegetated. However, the vegetation is not in a 
satisfactory condition with some weed growth noted.  
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• As evident from the damage to a bioretention system bed, the inlet is experiencing 
high flow velocities.  
Inlet and outlet structures 
• Inlet to the same bioretention system is designed as an energy dissipater. However, 
the turbulence created could damage the bioretention system bed.  
 
• Maintenance access to all the system components is satisfactory. Adequate space is 
provided for maintenance activities.  
Accessibility 
• Public safety could be a concern at the detention basin during high flow conditions, 
due to the easy accessibility.  
 
• Downstream of the WSUD system is in a poor condition.   
Surrounding area 
 
 
5.12 Coomera Waters  
Date of visit: 6 September 2011 
Location:  Ragamuffin Drive West, Coomera 
GPS Coordinates:  S 270 50.30’, E 1530 21.50’ 
 
5.12.1 Condition Assessment 
WSUD system consists of a bioretention system and a constructed wetland as shown in 
Figure 5.11. Outflow from the bioretention system flows to a sedimentation pond and then to 
the constructed wetland. Sedimentation pond and constructed wetland receives runoff from 
an additional catchment in addition to the outflow from the bioretention system. The 
constructed wetland consists of two cells.  
 
5.12.2 Condition assessment 
WSUD system is in good condition and appears to be well designed. The following 
discussion outlines the strengths and weaknesses in system implementation. 
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Figure 5.11 Coomera Waters WSUD system: location and condition of the system 
 
• The bioretention system and the constructed wetland acting as a treatment train appear 
to function effectively. 
Treatment train 
• However, the constructed wetland is receiving runoff directly from the catchment. 
This arrangement may lead to high hydraulic loading on the constructed wetland. 
Only a part of the inflow into the constructed wetland is subjected to treatment via the 
treatment train. Hence the treatment quality can be variable. 
• The bioretention system is yet to be planted with vegetation. 
• Sedimentation pond contains overgrown vegetation and may need harvesting to 
prevent blockages in the outlet structures and bypass.  
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• Both constructed wetland cells are in good condition. No erosion or sedimentation 
was observed within the system.  
 
• Outlet to the bioretention system is subjected to minor erosion. This may be due to 
high velocities created close to the outlet.  
Inlet and outlet structures 
• Abutment surrounding the bioretention system is damaged/eroded. This may lead to 
exfiltration of water to the surrounding soil.  
 
 
• Maintenance access to all the system components is satisfactory. Adequate space is 
provided for maintenance activities.  
Accessibility 
• Public safety is satisfactory with vegetation buffers or shallow water depths at the 
system components. 
• However, it is possible that high water depth in the constructed wetland and high 
velocities in bypass channel could create unsafe conditions during high flow 
conditions. This needs to be confirmed.  
 
• Downstream of the WSUD system is a natural wetland which is in good condition.  
Surrounding area 
• The system has been well integrated into the landscape and provides recreational 
value. 
 
5.13 Conclusions  
The urban precincts selected for field auditing was considered representative of the spectrum 
of WSUD implementation in the Gold Coast region. The following is a summary of the 
strengths and weaknesses in WSUD implementation in the Gold Coast: 
• The implementation WSUD systems in the field is not consistent. Whilst there are 
exemplar sites, there are other sites where the quality of work and the ability to 
achieve water quality objectives as stipulated in the LDG is questionable. 
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• The concerns raised by the stakeholders during the interviews in relation to WSUD 
implementation is validated from the observations from the field auditing (specifically 
in the case of some systems). This particularly relates to the following: 
o safeguarding of devices during the construction phase; 
o public safety; 
o accessibility for maintenance; 
o lack of performance monitoring; 
o inadequate maintenance. 
 
• A treatment train approach is not being consistently adopted. Secondly, it is evident 
that wetlands are by far the preferred option compared to other forms of secondary 
treatment. The primary driver for this preference is not clear – water quality or merely 
aesthetics? 
 
• Ensuring public safety in WSUD implementation is a critical issue. Maintaining mild 
batter gradients, shallow water depths and vegetation barriers to restrict public access 
are key elements in WSUD systems design. This has been satisfactorily catered for in 
most of the systems that were audited. 
 
• Accessibility for maintenance is an important requirement. This has been 
satisfactorily catered for in most of the systems that were audited. 
 
• It is important to ensure that construction activities are substantially completed prior 
to the final commissioning of WSUD systems. This has been specifically stipulated in 
the LDG. However, it is evident that this requirement is strictly not being followed. 
Alternatively, a mechanism for post construction rehabilitation is essential for 
effective WSUD performance.   
 
• The hydraulic design of most systems appears to be satisfactory. This confirms a good 
conceptual understanding of approach velocities and hydraulic characteristics within 
the systems. 
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6. REVIEW OF THE LAND DEVELOPMENT GUIDELINES (LDG) 
6.1 Background 
The Land Development Guidelines (LDG) is a very comprehensive document providing 
guidance to developers regarding Gold Coast City Council’s policies and practices in relation 
to the development of urban precincts. As part of the current project, the LDG was reviewed 
with the primary objective of identifying any gaps and to provide recommendations for 
improvement. Section 13 of the Guidelines is solely devoted to Water Sensitive Urban 
Design. As such, this Section received specific attention in the review. However, it was also 
deemed necessary to review Sections 1 to 12 to ensure consistency in relation to any 
references to WSUD implementation. The comments from the review and the 
recommendations have been provided below is in the context of strengthening WSUD 
practices in the Gold Coast area. 
 
6.2 Comments from the review 
The following comments are provided based on the review undertaken: 
 
A. 
It is evident that the Land Development Guidelines have been prepared to provide 
guidance to developers. It is not clear to what extent the guidelines are applicable to 
Council staff involved in WSUD system management. In other words, what guidelines do 
the Council staff follow? As an example, guidance have been provided in Section 13 for 
the maintenance of WSUD devices. Are these stipulations equally applicable once 
Council takes over these devices? Essentially, there needs to be consistency in 
maintenance of WSUD systems. 
Extent of applicability of Land Development Guidelines 
 
Recommendation 
1. The relevant sections and their extent of applicability to Council should be clearly 
identified. 
2. The maintenance guidelines provided in Section 13 should be translated to a 
maintenance manual for guidance of Council staff. 
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B. 
Section 13 which is solely devoted to WSUD, containing 405 pages, is quite voluminous. It 
appears to be a compilation of a series of individual and possibly stand-alone documents. 
This conclusion has been reached as the individual subsections have separate page numbers 
quite unlike the other sections in the LDG and there is an appreciable amount of duplication 
of information. Consequently, the current layout of Section 13 makes it difficult to be used as 
a reference document and to locate specific information. 
Difficulty in locating specific information 
 
Recommendation 
3. Integration of the different subsections within Section 13 and re-format the document 
for ease of reference.  
 
C. 
It is evident that the LDG has been developed with a primary focus on new urban precinct 
development. Retrofitting of systems in existing developments has not been specifically dealt 
with in the Guidelines. Retrofitting presents its own set of unique challenges and may require 
approaches different to greenfield developments. 
Appropriateness for retrofitting  
 
Recommendation 
4. Should consider extending the Guidelines to specifically encompass retrofitting of 
WSUD systems to existing urban precincts. 
 
D. 
Based on inconsistencies observed particularly in Section 3 – Engineering Infrastructure, 
it is quite evident that Section 13 is a late addition to the LDG. For example, Section 3.5.3 
– Extent of Drainage Works stipulates under Minor Drainage, “Kerb and Channel on both 
sides of all roads”. In contrast, Section 13 promotes swales along roadways. For example, 
Section 13.1.1 specifically states that there should not be any impervious area runoff 
without appropriate treatment. In Section 3.5.7.23, Council’s acceptance of swales as 
“part of an integrated stormwater quality management system” is discussed.  
Inconsistency regarding the primacy of WSUD in stormwater design (mixed messages) 
 
There is inconsistency particularly in relation to design flow velocity and longitudinal 
slope between the criteria given in Section 3.5.7.23 and 13.3 in relation to swales. 
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Recommendations: 
5. Section 3 needs to be revised to be made consistent with Section 13, to ensure priority 
for WSUD practices in urban precincts and to move away from conventional 
stormwater drainage design such as kerb and channelling. 
6. It would also be good to specify as to which Section takes precedence in relation to 
stormwater drainage. It is expected that Section 13 would take precedence over the 
other sections in the LDG. 
 
E. 
The terminology used in Section 3 can be confusing. Section 3.5.8 is titled, “Stormwater 
Quality Improvement Devices”. The Section discusses how Stormwater Quality 
Improvement Devices (SQIDS) can be used to improve the quality of stormwater runoff 
when used as a treatment train. The Section goes on to state that the types of SQIDS that 
are typically constructed to form a treatment train include, gross pollutant traps, trash 
racks/litter control devices, constructed wetlands, gully pit baskets and nets and 
chemical/biological pollutant devices. 
Inconsistency in terminology 
 
It is even more confusing as the same Section then states, “SQIDs are not the only way 
that stormwater quality can be improved to protect downstream receiving environments. 
Other options include non-structural measures (ie. education, enforcement strategies) 
and Water Sensitive Urban Design (WSUD) elements such as porous paving, grass 
swales, infiltration areas, etc.”. 
 
Recommendations 
7. Terminology needs to be made consistent to avoid confusion among developers and 
Council staff. Water Sensitive Urban Design is the term commonly used in Australia 
for stormwater quality treatment, rather than Stormwater Quality Improvement 
Devices. This once again underlines the need for ensuring consistency between 
Section 3 and Section 13. 
8.  It would also be good if there is glossary of commonly used terms in relation to 
WSUD for use by all stakeholders and which should also be reflected in the LDG. 
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F. 
Section 3 and specifically Sections 3.5.7 (partly), 3.5.8 and 3.5.9 provide extensive 
discussions regarding WSUD devices, particularly pretreatment devices such as gross 
pollutant traps. There is some duplication with the discussion provided in Section 13. 
This is inefficient in terms of information dissemination and can also cause confusion 
with regards to which section has greater importance in relation to stormwater quality 
treatment. 
Consolidation of WSUD information 
 
Recommendation 
9. Consolidation of all WSUD information into one section should be considered 
together with appropriate indicators in other LDG Sections regarding the availability 
of WSUD information. 
 
G. 
Section 3.5.9.6 specifies that, “Gross Pollutant Control Devices sized to treat the 1 in 3 
month storm event will treat about 85 percent of the total volume of flow in the drainage 
system.” 
Inconsistency in design criteria 
 
However, Section 13.12.2.1 states that, “Treat a minimum design flow of 1 in 6 month 
ARI so that the GPT will treat approximately 90% of the annual volumetric flow for the 
subject drainage system.” 
 
However, in other parts of Section 13, the criteria of 1 in 3 month flow is specified (for 
example Section 13.12.3.3) 
 
Inconsistencies such as the above, needs to be resolved in the immediate-term. However, 
more importantly, it underlines the issues that can arise with information being dispersed 
in more than one section in the LDG. 
 
Recommendation 
Same as Recommendation 9. 
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H. 
Section 13 has been prepared in 2005. In the intervening six years there have been advances 
in knowledge in relation to WSUD. This is currently a rich field of research in Australia.  
Updating of the Guidelines 
 
Recommendation 
10. Section 13 should be updated at regular intervals to ensure the incorporation of the 
latest in research outcomes and contains criteria and guidance based on the state-of-
the-art knowledge. The updating could be undertaken, say, in five year cycles. This 
would help to overcome the current lack of knowledge transfer. 
 
I. 
The preparation of maintenance schedules and plans are mandatory for asset handover. 
However, there is only limited guidance provided for the preparation of maintenance plans 
and for the assessment of life cycle costs which forms an integral part. This lack of guidance 
is also a constraint to the Council staff in assessing maintenance plans prepared by 
developers. 
Maintenance schedules/plans 
 
Recommendation 
11. The Council should consider commissioning specialised studies to extend the current 
knowledge base in relation to WSUD maintenance and life cycle costing. 
Additionally, Recommendation 10 is also applicable in this instance. 
 
J. 
• Section 13.5.2.2 states, “… As a pretreatment facility, it is recommended that 
particles of 125 μm or larger be the selected target sediment size because analysis of 
typical catchment sediment loads suggest that between 50 – 80% of suspended solids 
conveyed in urban stormwater are 125 μm or larger. …”. 
Other comments 
 
This information can be misleading. Research undertaken by QUT at Gold Coast has 
in fact shown the opposite. Secondly, the particle size distribution of sediments is 
highly location specific and cannot be stereotyped. 
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• The clogging of bioretention basin filters has been recognised in the Guidelines. 
However, there is very limited guidance provided regarding the replacement of the 
clogged filter layer. 
 
Recommendation  
Recommendation 11 is applicable also in this instance. 
 
6.3 Stakeholder comments 
Stakeholder comments in relation to limitations in the LDG have been discussed in Section 
4.2.4 above. The importance of the stakeholder comments should be considered in view of 
their familiarity in the application of the LDG. The stakeholder comments specifically relates 
to the following: 
• lack of flexibility to cover the different stages of the life cycle of systems; 
• no differentiation in projects undertaken by developers and Council; 
• inadequate information with regards to safety issues such as maximum standing water 
depth, fencing and safety barriers and public access; 
• lack of detailed design criteria in relation to Crime Prevention through Environmental 
Design, safety, amenity, environment, surrounding uses and impacts on surroundings. 
• inadequate information regarding maintenance requirements specific to the 
assessment and compliance phases; 
• recommendations for plantings based primarily on landscape requirements rather than 
pollutant uptake capability. 
 
6.4 Conclusions 
Based on an extensive review of the Land Development Guidelines a series of 
recommendations have been provided to strengthen the Guidelines and to enhance the 
effectiveness of WSUD implementation in the Gold Coast. Primarily the recommendations 
relate to overcoming inconsistencies, consolidation of information provided, current 
limitations in the knowledge provided and resolving the knowledge gaps identified.  
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7. CONCLUSIONS AND RECOMMENDATIONS 
7.1 Conclusions 
Given below is a consolidated summary of the findings of the different components of the 
study undertaken. 
 
Mitigation of the impacts of urbanisation on urban stormwater runoff and water quality is 
difficult due to the complex nature of stormwater quantity and quality at different stages of 
the runoff hydrograph. It is in this context that WSUDs are being promoted as a means of 
mitigating the adverse impacts of urbanisation. Though the conceptual framework for WSUD 
implementation is well established, the underlying theoretical knowledge underpinning the 
treatment processes and maintenance regimes and life cycle costing are still not well 
understood. Essentially, these are the recurring themes in the literature, namely, the 
inadequate understanding of treatment processes and lack of guidance to ensure specificity of 
maintenance regimes and life cycle costing of WSUDs. The implementation of WSUD 
systems in a treatment train is recommended to promote a diversity of pollutant removal 
processes. 
State-of-the-art literature review 
 
According to the published literature, the fundamental barriers to successful WSUD 
implementation are: 
• Lack of knowledge transfer – This essentially relates to the lack of appropriate 
dissemination of research outcomes and the common absence of protocols for 
knowledge transfer within the same organisation. 
• Cultural barriers – These relate to social and institutional factors, including 
institutional inertia and the lack of clear understanding of the benefits. 
• Fragmented responsibilities – This results from poor administrative integration within 
local councils in relation to WSUDs. 
• Technical barriers – These relate to lack of knowledge on operational and 
maintenance practices which is compounded by model limitations and the lack of 
long-term quantitative performance evaluation data. 
• Lack of engineering standards – Despite the availability of numerous guidelines 
which are non-enforceable and can sometimes be confusing, there is a need for 
stringent engineering standards. 
74 
 
The knowledge gaps in relation to WSUD design and particularly implementation strategies 
are only closing very slowly. Some of the common knowledge gaps identified in recent 
publications have been recognised almost a decade ago. The key knowledge gaps identified 
in the published literature are: 
• lack of knowledge on operational and maintenance practices; 
• lack of reliable methodology for identifying life cycle issues including costs; 
• lack of technical knowledge on system performance; 
• lack of guidance on retrofitting in existing developments. 
 
Based on the review of barriers to WSUD implementation and current knowledge gaps, the 
following were identified as core areas for further investigation: 
• performance evaluation of WSUD devices to enhance model development and to 
assess their viability in the context of environmental, economic and social drivers; 
• establishing realistic life cycle costs to strengthen maintenance and asset management 
practices; 
• development of guidelines specific to retrofitting in view of the unique challenges 
posed by existing urban precincts together with guidance to ensure site specificity; 
• establishment of a process for knowledge translation for enhancing currently available 
best practice guidelines; 
• identification of drivers and overcoming of barriers in the areas of institutional 
fragmentation, knowledge gaps and awareness of WSUD practices.  
 
Fourteen staff members working in the area of WSUD systems management at the Gold 
Coast City Council, representing four Directorates were interviewed using a standard 
questionnaire. The primary issues identified by the stakeholders were: 
GCCC stakeholder interviews 
• standardisation of WSUD terminology; 
• clear protocols for safeguarding devices during the construction phase; 
• engagement of all Council stakeholders in the WSUD process from the initial phase; 
• limitations in the Land Development Guidelines; 
• ensuring public safety through design; 
• system siting to avoid conflicts with environmental and public use of open space; 
• provision of adequate access for maintenance; 
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• integration of social and ecosystem issues to ensure long-term viability of systems; 
• lack of performance monitoring and inadequacy of the maintenance budget; 
• lack of technical training for staff involved in WSUD design approvals and 
maintenance; 
• incentives for developers for being proactive and responsible in stormwater 
management. 
 
A representative cross section of WSUD systems in the Gold Coast were audited in the field. 
The following strengths and weaknesses in WSUD implementation were noted: 
Field auditing of WSUD systems 
• The implementation WSUD systems in the field is not consistent. 
• The concerns raised by the stakeholders during the interviews in relation to WSUD 
implementation was validated from the observations from the field auditing 
particularly in relation to the following: 
o safeguarding of devices during the construction phase 
o public safety 
o accessibility for maintenance 
o lack of performance monitoring  
o inadequate maintenance. 
 
• A treatment train approach is not being consistently adopted.  
• Most of the systems audited has satisfactorily catered for public safety. 
• Accessibility for maintenance has been satisfactorily catered for in most of the 
systems that were audited. 
• Systems are being commissioned prior to construction activities being substantially 
completed. 
• The hydraulic design of most systems appears to be satisfactory.  
 
The Land Development Guidelines (TDG) was extensively reviewed and following primary 
issues were noted in relation to WSUD implementation:  
Review of Land Development Guidelines 
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• the LDG appears to have been prepared primarily to provide guidance to developers. 
It is not clear to what extent the guidelines are applicable to Council staff involved in 
WSUD management;  
• Section 13 is very voluminous and appears to be a compilation of a series of 
individual documents resulting in difficulties in locating specific information, a lack 
of integration and duplication of information; 
• the LDG has been developed with a primary focus on new urban precinct 
development and the retrofitting of systems in existing developments has not been 
specifically discussed;  
• WSUDs are discussed in two different sections in the LDG and it is not clear which 
section takes precedence as there are inconsistencies between the two sections. 
• there is inconsistent terminology being used; 
• consolidation of information provided in different sections in the LDG; 
• there are inconsistencies in the design criteria provided; 
• regular updating of the LDG to ensure that the information provided encompasses the 
state-of-the-art; 
• limited guidance provided for the preparation of maintenance plans and life cycle 
costing to assist developers in asset handover and to assist Council staff in 
assessment. 
 
Based on these observations, eleven recommendations have been provided. 
 
Additionally, during the stakeholder interviews, the following specific comments were 
provided in relation to the LDG: 
• lack of flexibility to cover the different stages of the life cycle of systems; 
• no differentiation in projects undertaken by developers and Council; 
• inadequate information with regards to safety issues such as maximum standing water 
depth, fencing and safety barriers and public access; 
• lack of detailed design criteria in relation to Crime Prevention through Environmental 
Design, safety, amenity, environment, surrounding uses and impacts on surroundings. 
• Inadequate information regarding maintenance requirements specific to the 
assessment and compliance phases; 
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• Recommendations for plantings based primarily on landscape requirements rather 
than pollutant uptake capability. 
 
7.2 Recommendations 
With regards to the Land Development Guidelines, the following specific recommendations 
are made: 
1. the relevant sections and their extent of applicability to Council should be clearly 
identified; 
2. integration of the different subsections within Section 13 and re-formatting the 
document for easy reference; 
3. the maintenance guidelines provided in Section 13 should be translated to a 
maintenance manual for guidance of Council staff; 
4. should consider extending the Guidelines to specifically encompass retrofitting of 
WSUD systems to existing brownfield developments; 
5. Section 3 needs to be revised to be made consistent with Section 13, to ensure priority 
for WSUD practices in urban precincts and to move away from conventional 
stormwater drainage design such as kerb and channelling; 
6. it would also be good to specify as to which Section takes predominance in relation to 
stormwater drainage. It is expected that Section 13 would take predominance over the 
other sections in the LDG; 
7. terminology needs to be made consistent to avoid confusion among developers and 
Council staff. Water Sensitive Urban Design is the term commonly used in Australia 
for stormwater quality treatment, rather than Stormwater Quality Improvement 
Devices. This once again underlines the need for ensuring consistency between 
Section 3 and Section 13; 
8. it would also be good if there is a glossary of commonly used terms in relation to 
WSUD for use by all stakeholders and which should also be reflected in the LDG; 
9. consolidation of all WSUD information into one section should be considered 
together with appropriate indicators in other LDG Sections regarding the availability 
of WSUD information. Ensuring consistency in the information provided is implied; 
10. Section 13 should be updated at regular intervals to ensure the incorporation of the 
latest in research outcomes and containing criteria and guidance based on the state-of-
the-art knowledge. The updating could be undertaken, say, in five year cycles. This 
would help to overcome the current lack of knowledge transfer; 
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11. the Council should consider commissioning specialised studies to extend the current 
knowledge base in relation to WSUD maintenance and life cycle costing. 
Additionally, Recommendation 10 is also applicable in this instance. 
 
Additional recommendations are made which have not been included above. These were 
identified based on the state-of-the-art literature review, stakeholder interviews and field 
auditing of WSUD systems. 
12. Performance monitoring of existing systems to assess improvements to water quality, 
identify modifications and enhancements to improve performance. 
13. Appropriate and monitored maintenance during different phases of development and 
build assets over time to investigate the most appropriate time/phase of development 
to commission the final WSUD asset. 
14. Undertake focussed investigations in the areas of WSUD maintenance and asset 
management in order to establish more realistic life cycle costs of systems and 
maintenance schedules. 
15. The engagement of all relevant Council stakeholders from the initial stage of concept 
planning through to asset handover, and ongoing monitoring. This close engagement 
of internal stakeholders will assist in building a greater understanding of 
responsibilities and contribute to overcoming constraints imposed by fragmented 
responsibilities. 
16. The undertaking of a public education program to inform the community of the 
benefits and ecosystem functions of WSUD systems. 
17. Technical training to impart state-of-the-art knowledge to staff involved in the 
approval of designs and maintenance and management of WSUD projects. 
18. During the construction phase, it is important to ensure that appropriate measures to 
safeguard WSUD devices are implemented. 
19. Risks associated with potential public access to open water zones should be 
minimised with the application of appropriate safety measures. 
20. System siting should ensure that potential conflicts are avoided with respect to public 
and ecosystem needs. 
21. Integration of social and ecosystem issues to ensure long-term viability of systems. 
22. Provide incentives to developers who are proactive and responsible in the area of 
stormwater management. 
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Interview questionnaire 
---------------------------------------------------------------------------------------------------------------- 
WATER SENSITIVE URBAN DESIGN (WSUD) APPLICATON AUDITING 
The School of Urban Development, Queensland University of Technology has been commissioned by 
Gold Coast City Council to undertake an audit of WSUD systems in the Gold Coast. The auditing 
process will include interviewing Council stakeholders and field inspections.  
In the near future, a short interview will be conducted by QUT staff members to obtain your views on: 
• current issues (weaknesses and strengths) in relation to the policy (Land Development 
Guideline) and implementation of WSUD in the Gold Coast.  
• the process of WSUD application on the Gold Coast, from Policy development to 
Development Application approval and to asset management (including renewal)  
 
The following standard questionnaire will be used as a guide in the interview. This questionnaire is 
given to you to prepare for the interview or to provide a written response if necessary. If additional 
information needs to be provided, it may be appended to this document.  
For further clarifications please contact: 
QUT - Prof. Ashantha Goonetilleke (07) 3138 1539, a.goonetilleke@qut.edu.au   
 
 
 
Question 1 
(a) What is your or your division’s role (current and past) in relation to WSUD (for example: planning, 
design, construction supervision, asset management or maintenance)?  
(b) Explain the nature of your or your division’s role and responsibilities. If more than one, rank them 
according to their significance / importance.  
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Question 2 
(a) In your opinion, what is the process of WSUD application on Gold Coast, from policy development 
to development application approval and to asset management (including renewal)?  
(b) Describe how you or your division’s role contributes to this process.   
 
 
 
 
 
 
 
 
 
Question 3 
(a) What guideline/s (local council or any other) do you refer or use in the different roles you have 
noted in relation to Q 1(a):  
(b) What is your opinion about these guidelines (for example: too much detail or not comprehensive 
enough)?  
 
 
 
 
 
 
 
 
Question 4 
What are the typical WSUD structural elements you have dealt with in your role (for example, 
constructed wetlands, bio-retention systems, swales, retention basins and gross pollutant traps)?  
If many, rank them from most frequent to least frequent.  
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Question 5 
(a) Do you think the current level of WSUD implementation is adequate for Gold Coast?  
(b) Do you find further advancements in theoretical and experimental knowledge and / or regulatory 
(compliance) guidelines are necessary?  Or, do you find the current advancements and regulatory 
guidelines are more than required? 
 
 
 
 
 
 
 
 
 
 
Question 6 
Do you think the correct WSUD structural elements have been selected to suit specific site conditions 
in relation to your answers to Q4? Please explain.  
 
 
 
 
 
 
 
 
Question 7 
Do you think the WSUD structural elements noted under Q4 are located in the correct locations in the 
catchment/s? Please explain.  
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Question 8 
In your opinion, which types of structural elements (noted under Q4) are performing better and why? 
Rank elements from best performing to worst performing.  
 
 
 
 
 
 
 
 
Question 9 
Do you think the currently available knowledge in relation to WSUD structural elements are adequate 
to deal with issues relating to your role on a day to day basis? Please explain.  
 
 
 
 
 
 
 
 
 
 
 
Question 10 
(a) What is the current maintenance schedule or practices adopted by your division in relation to 
WSUD structural elements?  
(b) Do you think this is adequate? Please explain. 
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Question 11 
In your opinion, what is the operational lifetime of the different WSUD structural elements listed in 
Q4? Are the stated operational lifetimes realistic in your view? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Question 12 
What are the current practical issues (weaknesses and strengths) in relation to the implementation of 
WSUD structural elements in the Gold Coast.? Please explain.  
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Question 13  
In your opinion how committed are the stakeholders to advancing WSUD? 
Please rate the level of ‘stakeholder commitment’ using the scale below. 
1 – No commitment 
2 – Some individual commitment 
3 – Increasing organisational / sector awareness and senior support 
4 – Major organisational departments and internal champions committed 
5 – Organisation /sector fully committed 
 1 2 3 4 5 Don’t know 
Local Govt 
 
      
Land 
Developers 
      
Consultants 
 
      
Contractors 
 
      
... 
 
      
... 
 
      
 
Question 14 
In your opinion, how effective are the existing institutional arrangements across Gold Coast for 
enhancing the practice of WSUD? Please tick the appropriate box below 
Very poor Poor Neutral Good Very good Don’t know 
      
 
Question 15 
The appropriate technical awareness of maintenance practices by staff is important to guarantee the 
success of WSUD projects. Please indicate whether any or all of the following strategies are met by 
currently available maintenance procedures. 
(a) staff education & training 
 
(b) Developing inspection routines 
 
(c) Preparing checklists with clear identifiable indicators of inadequate system performance 
 
(d) Preparing provisional action plans to promote prompt action to rectify problems as they arise 
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Question 16 
Can you identify few examples of good WSUD implementations on the Gold Coast? (Subdivisions or 
developments that you recommend us to visit as examples of successful WSUD implementation) 
 
 
 
 
 
 
 
 
 
 
Question 17 
Can you identify few examples of un-successful WSUD implementation on the Gold Coast? 
(Subdivisions or developments that you recommend us to visit as examples of un-successful WSUD 
implementation) 
 
 
 
 
 
 
 
 
 
Question 18 
What are the issues in relation to WSUD during construction phase of the contributing catchment? Do 
you know of any under development site that you may recommend us to visit to become familiar with 
during construction problems? 
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Question 19 
Are there any other stakeholders that you wish to recommend us to interview? 
 
 
 
 
 
 
 
 
 
 
Question 20 
Any other comments or issue that you would like to share with us? 
 
 
 
 
 
 
 
 
 
 
 
  
98 
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APPENDIX B 
 
WSUD FIELD AUDIT PHOTOS 
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Kumuru Kumuru Park  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A1 Kumuru Kumuru Park WSUD system: (a), (b) and (c) constructed wetland system, 
(d) locations of GPTs and wetland system 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A2 Kumuru Kumuru Park WSUD system: (a) inlet, (b) overflow outlet, (c) 
downstream of the outlet, (d) floating outlet 
 
(a) 
(c) 
(b) 
(d) 
 
(a) 
(c) 
(b) 
(d) 
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Figure A3 Kumuru Kumuru Park WSUD system: (a) access to the constructed wetland, (b) 
maintenance space and buffer to private properties, (c) and (d) surrounding vegetation and 
maintenance space 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A4 Kumuru Kumuru Park WSUD system: (a) downstream natural wetland, (b) 
downstream environment, (c) surrounding of the constructed wetland, (d) open space close to 
constructed wetland 
 
(a) 
(c) 
(b) 
(d) 
 
(a) 
(c) 
(b) 
(d) 
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Jacobs Ridge  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A5 Jacobs Ridge WSUD system: (a), (b), (c) and (d) overview of the system 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A6 Jacobs Ridge WSUD system: (a), (c) and (d) inlet 1 with severe erosion, 
(b) inlet 2  
 
 
 
(a) 
(c) 
(b) 
(d) 
 
(a) 
(c) 
(b) 
(d) 
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Figure A7 Jacobs Ridge WSUD system: (a) overflow outlet with debris build-up, (b) 
overland flow channel downstream of the outlet, (c) bioretention system from 
downstream, (d) high flow structure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A8 Jacobs Ridge WSUD system: (a) vegetation in the bioretention bed, (b) and 
(c) vegetation in the surrounding area, (d) access ramp 
 
 
(a) 
(c) 
(b) 
(d) 
 
 
(a) 
(c) 
(b) 
(d) 
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Pacific Pines 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A9 Pacific Pines 1 WSUD system: (a) overview of the retention basin, (b) 
siltation close to overflow outlet, (c) overview of the retention basin, (d) overflow 
outlet structure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A10 Pacific Pines 1 WSUD system: (a) and (b) overflow outlet structure, (c) 
GPT (d) two pipe inlets and protected passage for high inflows   
 
(a) 
(c) 
(b) 
(d) 
 
(a) 
(c) 
(b) 
(d) 
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Figure A11 Pacific Pines 1 WSUD system: (a) vegetation, (b) temporary safety fence, 
(c) downstream environment, (d) contributing catchment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) 
(c) 
(b) 
(d) 
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Pacific Pines 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A11 Pacific Pines 2 WSUD system: (a) and (b) overview of the retention 
basin, (c) surrounding vegetation, (d) access ramp and gate 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A12 Pacific Pines 2 WSUD system: (a) GPT, (b) and (c) overflow outlet 
structure, (d) steep embankment and manholes  
 
 
(a) 
(c) 
(b) 
(d) 
 
(a) 
(c) 
(b) 
(d) 
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Coomera Springs Boulevard  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A13 Coomera Springs Boulevard WSUD system: (a) wetland 2, (b) wetland 1, 
(c) sedimentation pond 2, (d) sedimentation pond 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A14 Coomera Springs Boulevard WSUD system: (a) inlet to sedimentation 
pond 1, (b) inlet to sedimentation pond 2 (c) and (d) direct inlets to wetland 2  
 
 
(a) 
(c) 
(b) 
(d) 
 
(a) 
(c) 
(b) 
(d) 
108 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A15 Coomera Springs Boulevard WSUD system: (a) flow channel from 
sedimentation tank 2 to wetland 2, (b) pit structure from wetland 2 to wetland 1, (c) 
culvert structure from wetland 2 to wetland 1, (d) damages to inlet of the culvert 
structure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A16 Coomera Springs Boulevard WSUD system: (a) outlet from the system, 
(b) downstream flow channel (c) recreational use, (d) re-planting 
 
(a) 
(c) 
(b) 
(d) 
 
 
(a) 
(c) 
(b) 
(d) 
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Seagreen 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A17 Seagreen 1 WSUD system: (a) and (b) overview of the wetland 1, (c) 
wetland 2(narrow strip), (d) overland flow channel for inflows 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A18 Seagreen 1 WSUD system: (a) inlet to wetland 1, (b) culvert in the 
overland flow channel, (c) conveying structure between wetland 1 and wetland 2 (d) 
outflow culvert  
 
(a) 
(c) 
(b) 
(d) 
 
(a) 
(c) 
(b) 
(d) 
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Figure A19 Seagreen 1 WSUD system: (a) water build-up in adjacent area, (b) 
temporary access path, (c) contributing catchment and system vegetation, (d) 
recreational use 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) 
(c) 
(b) 
(d) 
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Seagreen 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A20 Seagreen 2 WSUD system: (a) and (b) overview of the bioretention 
system, (c) inlet 1, (d) inlet 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A21 Seagreen 2 WSUD system: (a) overflow outlet, (b) and (c) siltation on 
bioretention bed, (d) contributing catchment 
 
 
(a) 
(c) 
(b) 
(d) 
 
(a) 
(c) 
(b) 
(d) 
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Genesis 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A22 Genesis WSUD system: (a) wetland 3, (b) and (d) wetland 1, (c) wetland 
2  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A23 Genesis WSUD system: (a) and (b) swale above wetland 1(erosion shown 
in these photos was rehabilitated recently), (c) swale close to wetland 3, (d) 
contributing catchment  
 
(a) 
(c) 
(b) 
(d) 
 
(a) 
(c) 
(b) 
(d) 
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Figure A24 Genesis WSUD system: (a) submerged inlet, (b) inlet, (c) overflow flow 
channel connecting construction zone to wetland 1, (d) downstream environment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A25 Genesis WSUD system: (a) and (b) erosion prevention in measures in 
constriction zone, (c) and (d) overview of the construction zone 
 
 
 
(a) 
(c) 
(b) 
(d) 
 
 
(a) 
(c) 
(b) 
(d) 
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Broadwater Parkland  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A26 Broadwater Parkland WSUD system: (a), (b) and (c) wetlands (d) 
retention basin 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A27 Broadwater Parkland WSUD system: (a) edge of a wetland, (b) partly 
blocked pipe (c) overflow transfer structures, (d) floating outlet and overflow outlet  
 
 
(a) 
(c) 
(b) 
(d) 
 
(a) 
(c) 
(b) 
(d) 
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Figure A28 Broadwater Parkland WSUD system: (a), (b) and (d) wetland vegetation, 
(c) vegetation in surrounding area 
 
 
 
(a) 
(c) 
(b) 
(d) 
